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PEEFACE 



The object of this book is to place before Students 
and Practitioners an elementary treatise x>n the errors 
of refraction of the eye, and to endeavour to explain 
in simple language their nature and the means 
whereby they may be satisfactorily corrected. 

It is thus intended to serve as an introduction to 
the more advanced manuals on the same subject. 

I regret that I am compelled, having in view the 
scope of the book, to omit all reference to the valu- 
able aid which the direct Ophthalmoscopic Exami- 
nation and Retinoscopy afford us in estimating and 
correcting eiTors of refraction. 

To Mr Lang, Ophthalmic Surgeon to the Middlesex 
Hospital, I am much indebted for many valuable 
suggestions. 

June Ist, 1886. 
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CHAPTER I 

LIGHT 



1. Bays of Kght proceeding from an object which 
is situated at a distance of 6 metres (1 metre = 39*37 
inches nearly) or more from the observer are consid- 
ered as proceeding from that object in parallel lines, 
and therefore they fall upon the eye of the observer 
as parallel rays of light (Fig. 1). 

Fia, 1. 



B. 0.= Parallel rays from a distant object. 
N. 0.= Diverging rays from a near object. 

N. 02.= Rays of increased divergence from a nearer object than N. O. 
1 inch^sl metre. 

1 
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2 BEFBACTION 

2. Rays of light proceeding from an object which 
is situated at a distance of less than six metres from 
the observer are considerisd as proceeding from that 
object in lines which diverge^ and therefore they fall 
upon the eye of the observer as diverging rays of light 
(Fig.l). 

8. The amount of this divergence increases the 
nearer the object is brought to the eye of the observer, 
therefore the nearer the object is to the eye of the 
observer the more divergent is the direction in which 
the rays from it will fall upon his eye (Pig. 1) . 

4. The amount of divergence of the rays decreases 
the further the object is removed from the eye of the 
observer, and when the object has been removed to a 
distance of 6 metres or more the rays proceeding from 
it are considered as being parallel. 

6. Therefore a distant object is one which, being 
situated at a distance of 6 metres or more, has rays 
of light proceeding from it in parallel lines. 

6. A near object is one which, being situated at a 
distance of less than 6 metres, has rays of light pro- 
ceeding from it in diverging lines, such lines becoming 
more and more divergent the nearer the object is 
brought to the eye of the observer. 

7. Spherical lenses are eithe^ biconvex or bicon- 
cave. Biconvex lenses are called + lenses. Biconcave 
lenses are called — lenses. 

8. Rays of light when passed through a spherical 
lens or through a prism have their direction altered. 
They are then said to have been refracted by the lens 
or by the prism. 
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LIGHT 3 

9. Supposing that parallel rays of light from a dis- 
tant object are passed through a + lens (l. Pig. 2) the 
rays then become refracted and are brought to a point 
at p, and are said to be focussed at f. 

This point p is therefore called the principal focus 
of the lens L (Pig. 2). 

Fig. 2 



D. O. = Distant object. L. » Lens. F. = Focns. 

10. Eays of light passing through a spherical lens 
or a prism are always refracted towards the thickest 
part of the lens or prism. 

11. The distance between the + lens and its prin- 
cipal focus (p. Pig. 2) will depend upon the degree of 
convexity of the lens. / 

12. If the distance between the + lens and p is 1 / 
metre then the lens is called a lens of 1 metre f ocus^ 

that is, it is a lens which will bring parallel rays to 
a focus at a point 1 metre distant from the lens. 

Such a lens is taken as the unit for calculation, and 
is called a lens of 1 dioptre, or shortly + 1 D. spherical 
lens. 

18. If the distance between the lens and p is only 
i metre, it is evident that a lens which can bring 
parallel rays to a focus at a point ^ metre distant from 
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4 BBFBACTIOK 

it must be a lens of twice the refracting power of that 
lens which focusses similar parallel rays at a distance 
of 1 metre. 

Hence^ a lens whose focus is | metre (50 cm.) dis- 
tant is called a lens of 2 dioptres or + 2 D. 

14. If the distance between the lens and the focal 
point F is ^ metre then the lens has three times the 
strength of that lens which requires a length of 1 
metre between it and f. Thus : 

A lens of 1 dioptre focusses paral- 
lel rays at a distance of . . .1 metre or 100 cm. 

A lens of 2 >> >> i metre or 50 cm. 

A lens of 3 » »> i metre or 33 cm. 

A lens of 4 » » i metre or 25 cm. 

16. Hence it follows that the distance between the 

lens and its focus^ or its focal distance^ can always be 

found by dividing 1 metre (=100 cm.) by the number 

of dioptres of the lens. Thus : 

100 cm. 

ID. 

100 cm 



= 100 cm. = 1 met. = focal distance of + 1 D. lens. 



2D. 

100 cm. 



= 50 cm. = focal distance of + 2 D. lens. 



3D. 

100 cm. 



= 33 cm.= ,, „ of + 3 D. lens. 



4D 

And so on. 



= 25 cm.= ,, „ of + 4 D. lens. 



16. Therefore the higher the number of the lens 
in dioptres the greater is its power of refracting rays 
of light which pass through it^ and so the lenses + 
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LIGHT 5 

2 D. + 3 D. + 4 D., have respectively twice, three 
times, and four times the power of a lens of + 1 D. 

17. If the rays of light pass through a biconcave 
or — lens they are refracted (in accordance with S 
10) towards the thickest part of the lens (Fig. 3). 

Fig. 3. 



D. 0. = Parallel rays of distant object. L. = Lens. 

Thus, parallel rays from a distant object, d 0, pass- 
ing through a — lens, l, would be refracted towards 
A, the thickest part of the lens, and the focus (p) 
would be situated on that side of the lens on which 
the distant object lies, i.e. between the object and the 
lens. And it would be at that point at which the 
diverging rays. A, would meet if they were continued 
backwards towards the object; and such a focus is 
called a virtual focus. 

18. Hence the more divergent the rays are after 
their passage through the — lens the nearer will p be 
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6 BEFBACTION 

to the lens^ and the more powerful is the lens; a 
lens of lesser power would cause the rays to diverge 
to a lesser extent, and consequently, if continued back- 
wards, they would meet at a point more remote from 
the lens. 

In Fig. 3 left the parallel rays from d o be refracted 
into the direction of the lines L A. 

Then, the lines A L, when continued backwards, 
would meet at f, which is consequently the virtual 
focus of the lens. 

But if the rays were refracted to a lesser extent so 
as to take the direction of the liAes l b, then the lines 
B L when continued backwards would meet at f^, which 
in this case would be the virtual focus of the lens, 
and this lens would in that case be a less powerful 
-— lens than one is which would have its virtual 
focus nearer to the lens than F^. 

19. Therefore, in speaking of — lenses, the greater 
the divergence given by them to parallel rays the 
more powerful is the lens ; and in speaking of + 
lenses the greater the convergence given by them to 
parallel rays the more powerful is the lens. 

If parallel rays are passed through a biconcave or 
— lens of — 1 D. they would diverge to such an 
extent that such rays would meet at a point f, situated 
on the same side of the lens as is the object, and the 
point F (i. e. focal point) would be at a distance of I 
metre from the lens. 

20. Hence (1) a — lens of 1 dioptre has its virtual 
focus for parallel rays at a distance of 1 metre from 
the lens and on the same side of it as is the object. 
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(2) A lens of — 2 D. has its focus ftt i metre or 50 
cm. and on same side as is tlie object. 

(3) A lens of —3D. has its focus at i metre or 
33 cm. and on the same side as is the object. 

(4) A lens of — 4 D. has its focus at J metre or 
25 cm. and on the same side as is the object. And 
so on. 

21. And the focal distance of a — lens is found in 
exactly the same way as the focal distance of a + 
lens is found {mde 16) by dividing 1 metre (100 cm.) 
by the number of the dioptres of the lens. Thus : 
100 cm. 
-ID. 
100 cm. 



-2D. 
100 cm. 



= 100 cm.^1 metre= focal distance of — 1 D. 
= 50 cm. = focal distance of —2 D. 



-3D 
100 cm. 



= 33cm.= „ ,, of -3D. 



= 25cm.= ,, ,, of — 4D. 



-4D. 

22. Diverging rays of light proceeding from a near 
object (2) and passing through a — lens, will be 
refracted more than parallel rays passing through the 
same lens would be, because coming from a near 
object they are already divergent rays before they 
meet the — lens, which causes them to diverge still 
further. 

Important points to be remembered are : 

23. That rays proceeding from an object placed at 
a point which is at the same distance from a + lens 
as is its focal point, will emerge from such a lens as 
parallel rays (Figs. 4 and 5). 
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8 EEFRACTION 

24. That rays proceeding from an object placed at 
a point which is beyond the focal point of a lens will 
emerge from that lens as converging rays (Fig. 6) . 

26. That rays proceeding from an object placed at 
a point which is within the focal point of a lens will 
emerge from that lens as diverging rays (Fig. 7) . 

It has been mentioned before that parallel rays 
from a distant object passing through a + 1 D. lens 
are focussed at f distant 1 metre from the lens 
(Fig. 4). ' 

26. But if the object be placed at the point o (Fig. 
5) the same distance from the + 1 D. lens that the 
point F is, say a distance of 1 metre, then the rays of 
light from o would pass out of the lens as parallel 
rays, because the point o is situated at the exact focal 
distance of the + IT>. lens (Fig. 5). 

27. Thus, parallel rays of light (Fig. 4) meet at f, 
and diverging rays of light from an object at f would 
pass out of the lens as parallel rays (Fig. 5). 

28. But if the object be removed further away 
(Fig. 6) from f the focus of the + 1 D. lens (i. e. to a 
distance beyond 1 metre) the rays of light from it 
would no longer pass out of the lens as parallel rays, 
but as the object receded gradually further and further 
away from f so would the rays of light pass out of 
the lens as more and more converging rays ; and when 
the object had arrived at a point o (Fig. 6), distant 2 
metres from the + 1 D. lens {i, e. to a point at double 
the focal distance of the lens) they would have con- 
verged sufficiently to meet at the point Fg, which is 
distant also 2 metres from the lens. 
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Fig. 4. 



D. 0. s Distant object. L. » Lens. F. » Focus. 



Fig. 5. 



O. s Object situated at the same distance from the lens that the focal 
point of the lens is. 
P. R.» Parallel rays. 



Fig. 6. 



F. = Point which would be the focus of parallel rays passing through L. 
0.— Object at double the focal distance of the lens L. 
F2.» Conjugate focus of object at o. 
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10 BEFBACTION 

29. Hence, whenever the object is situated at doable 
the focal distance of the lens, the focus of that object 
will also be situated at double the focal distance of 
the lens, but on the other side of it as at v^ (Fig. 6). 
And an object at Fg would be focussed at o (Fig. 6). 
So that in such a case the object and its focus can be 
transposed. 

30. The points Fg and o are therefore known as 
conjugate foci. 

31. But if the object, instead of being placed beyond 
the focal point f of a •+• 1 D. lens, be now placed as 
at Oj Fig. 7 J a point within the focal distance, f, of the 

Fig. 7. 



Fj.^ Virtual focug of O. 

lens, then the rays proceeding from o, a point nearer 
to the lens than is the point f, would fall upon the 
lens as much more divergent rays than if they had 
come from the more distant point f, and consequently 
the lens is not equal to refi^acting them even into 
parallel rays as it would do if they came from the focus. 
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but they would emerge from the lens as diverging rays 
at D and would be lost in space, and their focus would 
be a virtual one on the same side of the lens as that 
on which the object is situated, say at v^ (Fig. 7). 

Pig. 8. 



To recapitulate— 

A. Let L be a + lens with its focus at o (Fig. 8). 
Then the rays from an object at o will emerge from 
the lens as parallel rays (d o). 

B. Let Ojj be an object situated outside (i. e. beyond) 
the focal point o, and let it be at double the distance 
from L that o is. Then the rays from Og having passed 
through L will be f ocussed at its conjugate focus Fg 
(30). 

c. Let O3 be an object situated inside (i. e, within) 
the focal point 0. Then rays proceeding from an 
object at O3 after having passed through the lens will 
emerge from the lens as diverging rays. Thus : 

Bays from o the focus emerge from the lens as 
parallel rays. 
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12 BBFBACTION 

Bays from O2 outside the focus emerge from the 
lens as converging rays. 

Bays from O3 inside the focus emerge from the lens 
as diverging rays. 

But if the object be gradually moved from Og so as 
to approach the lens, then, in proportion as the object 
approaches o, so will the rays from it tend to gradu- 
ally assume on the other side of the lens the same 
direction as they would have if they had come from o, 
and as o is the focus that direction would be parallel. 
And when the object has arrived at o the rays from it 
will then pass out in a parallel direction, because is 
at the same distance from the lens that its principal 
focus is. 

And if the object be moved from o to a point still 
nearer to the lens, then in proportion as the object 
approaches the lens so will the rays from the object 
emerge from the lens with an increasing degree of 
divergence. 

And, vice versa, if we start the object from the point 
O3 the rays from it at starting will emerge from the 
lens as diverging rays; and when the object has arrived 
at o the rays will have become parallel on the other 
side of the lens ; and by the time that the object has 
arrived at Og, the parallel rays on the other side of the 
lens will now have become converging with a focus at 
the conjugate focus t^. 
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CHAPTER II 

DEFINITIONS OF EMMETBOPIA, MYOPIA, AND HYPER- 
MBTfiOPIA. 

32. An eye in connection witli refraction may be 
considered as made up bf : 

(1) Certain refractive media (cornea, aqueous humour, 
lens), which together possess the same power of 
refracting rays of light as does a + lens. 

(2) The retina on which the rays of hght should be 
focussed after that they have passed through the re- 
fracting media. 

But it is not every eye that possesses this power of 
focussing on the retina the rays of light which have 
passed through the refracting media. That is, there 
exists in some eyes certain errors of refraction which 
prevent the rays of light from being focussed on the 
retina. 

33. In order to compare errors of refraction in 
different eyes a certain standard of perfection is agreed 
upon. 

A normally refracting eye is one which, when in a 
state of rest (with all efforts of accommodation in 
abeyance, and therefore acting like a simple refrac- 
ting + lens) will focus on the retina the parallel rays 
proceeding from a distant object. 
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14 BEFBACTION 

34. SucIl an eye is called an emmetropic eye (Fig. 
9)^ and its possessors are called emme tropes. 

Fig. 9.— Emmetropic Eye. 



D. 0.» Distant object, rays from whicb are focussed at F. on retina. 
R.» Retina. 

36. All eyes deviating from tlie above standard of 
perfection are called ametropic eyes. Ametropic eyes 
are of two kinds. 

36. (a) An eye which, without any effort of the will 
(i. e. acting like a + lens) f ocusses in front of the 
retina instead of oil it, the parallel rays from a distant 

Fig. 10.— Myopic Eye. 



D. 0.«= Distant object, rays from wbich are focossed at F. in front 

of tbe retina. 
. B.»Betina. 

object, is called a myopic eye (Fig. 10) and its pos- 
sessor is the subject of myopia* 
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37. (b) An eye which, without any effort of the will 
{i. e, acting like a + lens), focusses behind the retina 
instead of on it, the parallel rays proceeding from a 
distant object, is called a hypermetrppic eye (Fig. 11), 
and its possessor is the subject of hypermetrcypia. 

Fia. 11. — Hypermetropic Eye. 



D. O.s Distant object, rays from which are focussed at F. behind the 
retina. 
B. = Betina. 
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CHAPTER III 

ACCOMMODATION 

It has been shown (83) that the emmetropic eye 
when in a state of rest will focus on the retina 
parallel rays from a distant object^ and vision of 
such an object would be distinct. It follows, there- 
fore, that it the emmetropic eye continues in a state 
of rest, the diverging rays from a near object m'ust 
be focussed behind the retina (Pig. 12) and vision of 
such an object would consequently be imperfect. 

Fia. 12. 



D. 0.— Distant object^ with parallel rays proceeding from it. 
N. O.sNear object, with diverging rays proceeding from itJ 

F.=Focn8 for parallel rayg. 

F2. = Focus for diverging rays from v o. 

But supposing that the refracting media of the 
emmetropic eye were by some means to be made more 
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ACCOMMODATION 17 

convex when looking at the near object, then the 
divergent rays from this near object might be f ocussed 
on the retina instead of behind it. ^ 

This is just what does take place when the emme- 
tropic eye views a near object, for in the eye (whether 
emmetropic or ametropic) there does reside an ability 
to call into play an increase in its refractive power, 
whereby the eye which, at one moment, when in a 
state of rest, can obtain a distinct view of distant 
objects, can now at another moment suddenly view a 
near object. 

But the eye is then considered as being no longer in 
a state of rest, for it accomplishes this vision of near 
objects by altering the shape and position of the lens, 
making the refraction of the eye for the moment more 
powerful, and therefore the diverging rays from a near 
object, which would have been f ocussed behind the 
retina, if the lens had retained the same shape as it 
had when viewing a distant object (Pig. 12) are now 
in consequence of the increased convexity of the lens, 
enabled to be focussed on the retina (44). 

38. This voluntary alteration in the refractive 
power of the eye is called its power of accommodation. 
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CHAPTER IV 

MYOPIA 

We have seen (36) that a myopic eye is one which, 
in a state of rest {i. e. with no exercise of accommoda- 
tion), f ocusses in front of the retina instead of on it, 
the parallel rays from a distant object. 

39. This error of refraction might arise from three 
causes. 

(a) The myopic eye may be too long in its antero- 
posterior diameter, i. e. from the cornea in front to the 
retina behind, so that the retina is removed too far 
back from the refracting media of the eye ; thus lead- 
ing to the focussing of the rays of light in front of it. 

(b) The refracting media of the eye may be too 
convex, and so they bring the rays too soon to a focus, 
i, 6. to a point in front of the retina. 

(c) Too high an index of refraction of the trans- 
parent media of the eye. 

40. Although some authorities doubt the existence 
of the cause (2 and 3), yet perhaps it may simplify 
future explanations if we regard the myopic eye as one 
which errs in having its refractive media too convex, 
since such a definition at once suggests the general 

^remedy for myopia, viz. biconcave or — lenses. 

41. It follows, from the definition of the myopic eye, 
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that such an eye is unable to see any object at a 
distance (6 metres or more) because it cannot focus on 
the retina the parallel rays. But if diverging rays are 
presented to a myopic eye, then the refracting media, 
which possess too much convexity for the focussing of 
parallel rays, may have such an extra amount of con- 
vexity as will focus on the retina rays of a certain 
amount of divergency, thereby giving distinct vision 
for them. 

Yet, if the rays of light have too great an amount 
of divergency for the eye under consideration, then 
the rays would be focussed behind the retina, and 
vision would be again indistinct, unless accommodation 
is brought into use. So that in Fig. 13 the rays from 
D o (distant object) are focussed at p. 

But the rays from n o (near object) have just that 
amount of divergency as will, so to say, fit the error of 
increased refraction of the eye under consideration, 
and they are focussed at Pg. 

Suppose a book situated at n o, then this myopic 
eye would be able to read the type, and if the book is 
removed a little further /rom the eye than n o, then 
the rays of light would no longer be focussed on the 
retina at Pg, but jijst as the book was removed further 
off, so the focus of its rays would recede from the 
retina at Pg and would gradually approach the point 
p. Of course, therefore, vision is indistinct directly 
the type begins to be removed further from the eye 
than N 0. 

42. Hence n o is really the farthest point of distinct 
vision for this myopic eye. 



Digitized by 



Google 



20 REFRACTION 

43. The far point of distinct vision is spoken of as 
the punctum remotum, or p. r. 

But suppose that the type, which this myopic eye 
can read distinctly when placed at n o, is now brought 
nearer to the eye than n o, L e, towards n Og. 

44. Then, the nearer it is to the eye the further 
hehind the retina is its focus, and vision would again 

Fio. 18. 



be indistinct unless the eye brought its accommoda- 
tion into use, and if by using accommodation the type 
can be read at n Og : 

46. Then n Og would be the nearest point of distinct 
vision for this myopic eye. 

46. The near point of distinct vision is spoken of as 
the punctum proximum, or p. p. 

So that, to recapitulate — 

47. In the emmetropic eye the far point of distinct 
vision is at an infinite distance, t. e. at a distance of 6 
metres or more. / 

48. In the myopic eje^ the far point is at a finite 
distance, i. e. at a distance of less than 6 metres, vary- 
ing according to the amount of the myopia. 

49. That there is a n^r point of distinct vision both 
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in emmetropic and myopic eyes is the result of the 
exercise of accommodation. 

60. But in the myopic eye, as the far point may be 
inconveniently near to the eye for reading, &c., of 
course the near point would be still more inconvenient 
for any practical use. 

61. Hence, in myopia of any extent, there is hardly 
any use for accommodation, consequently in myopia 
the ciliary muscle from disuse is usually atrophied. 

62. The accommodation, therefore, in a myopic eye 
is defective from disuse, and if called into play it can 
only be exercised at the expense of great straining of 
the eye and other serious results. 

Therefore, as we shall see further on, when remedy- 
ing the myopia by means of spectacles we are always 
careful to select (except in cases of slight myopia in 
young subjects) such lenses as will in their use entail 
no effort of accommodation, with its attendant risks, in 
highly myopic eyes. 

63. The degree of myopia is measured by the 
distance which the punctum remotum is from the 
eye. 

64. If it is distant 50 cm., then the eye has 2 
dioptres of myopia. 

Because M^5^iL5£tE?)=2 D. 
50 cm. 

If it is distant 25 cm., then the eye has 4 dioptres 
of myopia. 

Because -^r ^=4 D. 

25 cm. 
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66. So that the further the distance of the punctum 
remotum from the eye the less is the myopia. 

For it is evident that the eye which has its punctum 
remotum at 50 cm. will deviate less from the emme- 
tropic eye (which has its punctum remotum at infinity) 
than does that eye which has its punctum remotum 
at only 25 cm. distance from the eye, and in the 
former case there is myopia of — 2 D. 

Because -ftv ^= —2D. 

50 cm. 

And in the latter case there is myopia of — 4 D. 

• T> 100 cm. . T^ 

Because -^r= = — 4 D. 

25 cm. 

56. Because the error of refraction in myopia shows 
itself by the punctum remotum being at a finite 
instead of at an infinite distance, it follows, that the 
remedy will be to place in front of the eye such a lens 
as will push back the punctum remotum from a finite 
to an infinite distance. 

Suppose that we have a case of myopia of 7 dioptres, 
which is equivalent to saying that the punctum remo- 
tum is at 14 cm. distance from the eye. 

-o 100 cm. ^ . , , . 

Because „ ^ — = 14 cm. (nearly) . 

In other words, this eye in a state of rest can focus 
on the retina rays of light which have just that 
amount of divergence which those rays have which 
come from an object at 14 cm. distance. 

Now, if a — 7 D. lens be placed in front of this 
myopic eye, it will give to the parallel rays which 
come from an infinite distance just that exact amount 
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of divergence which they would have if they had 
come from the finite distance of 14 cm. — the distance 
at which there is distinct vision in this myopic eye. 

Because ^ri = - 7 D. 

14 cm. 

This eye can now, with a — 7 D. lens, be considered 
as an emmetropic eye, with distinct vision for distant 
objects. 

If this is the desire of a patient with myopia of 7 
dioptres we have theoretically met his wishes by 
means of a — 7 D. lens. 

But in practice we find that a lens of ~ 1 D. or 
- 1-5 D. less than - 7 D. {i. e. - 6 D. or - 5-5 D) 
would be most suitable because a — 7 D. lens might pos- 
sibly over-correct the myopia, i. e. the focus for distant 
objects, which was originally too far forwards in front 
of the retina, may possibly now, by means of the — lens, 
be pushed too far back so as to be behind the retina. 

In such a case, the eye by exercising accommodation / 

will bring the focus forward again and so put it on the 
retina instead of behind it. 

But for reasons given in 52, 63, one object to be 
aimed at in cases of myopia is to take care that 
accommodation is not called into play. 

67. And, therefore, to ensure against over- correct- 
ing the myopia by means of any lenses, the rule is to 
give in such cases the weakest ^ lens which will give 
distinct vision. 

So that if the patient on l^eing fitted with trial 
lenses has equally distinct vision for distant objects 
with a — 5 D. or — 6 D. or — 65 D. or — 7 D. : 
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Then the — 6 D. would be the proper lens for 
distant vision, because it gives the greatest assurance 
against over-correction of the myopia with its conse- 
quent accommodative efEort, which we so much wish 
to avoid in these cases. 

68. To show what is meant by over-correcting the 
myopia, let Fig. 14 represent the parallel rays from a 

Fio. 14. 



D. O.sRays from distant objects. 
P. = Myopic focus of rays from D. 0. 
F2,=*Focu8J of the over-corrected myopia. 

distant object, whiah would in this myopic eye be 
focussed in front of tthe retina at p. 



But if they were 
— lens they would 



passed through a too powerful 

_^ be rendered so divergent that 

they may be now foci issed behind the retina at f^, and 
indistinct vision woiiild again result from the over- 
correction of the myofpia. 

But this patient, I by using his accommodation, 
could bring the focus ; forwards again on to the retina, 
and notwithstanding t he over-correcting lens he might 
say that his vision is ^ distinct. If it is so, he must 
have been using his a^ ccommodation. 
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59. In order then to test whether, in making this 
statement of distinct vision, he has been using his 
accommodation, we test him with a — lens of less 
power. Perhaps he will still state that he sees cor- 
rectly — in that case he has been using his accom- 
modation to a lesser extent than he did when tried 
with the more powerful lens. 

So we gradually reduce the power of the trial lenses 
(and each reduction, if accompanied by a statement of 
clear vision, means therefore a corresponding diminu- 
tion of the accommodation used) till we come to a lens 
with which vision is no longer distinct, i, e. the accom- 
modation has been dropped as being no longet of any 
use, and we have brought the focus back to a point 
in front of the retina. 

Wo then revert to the weakest lens, which gave 
distinct vision, and feel sure that the patient's accom- 
jnodation is not being used with it. For the difference 
between the strongest (over-correcting) lens and the 
weakest lenses with which vision was distinct, must 
clearly represent the power of the accommodation used. 

60. But most myopic patients require something 
more than distinct vision for distant objects. They 
require to be able to read, write, work, &c., at greater 
distances from their eyes than their natural far point 
of distinct vision will allow them to do. 

61. This of course applies to cases of high myopia, 
for where the myopia is slight, say of — 3 D or even 
— 4 D the natural far points would be 

33 cm. (^ = 33 cm.) and 25 cm. ^ = 25 cm.) 
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respectively, at which distances reading can be carried 
on at no inconvenience as far as the distance of the 
book is concerned. 

•Glasses for distant vision only might be required in 
such cases. 

62. But where the myopia is of high degree it may 
at first be thought that the lens which fully corrects 
the myopia for distant objects, would be a proper 
lens for near objects, because the fully-correcting 
lens would have made the myopic eye into an emme- 
tropic eye, and an emmetropic eye can see near 
objects. 

63. But it sees near objects by exercising its accom- 
modation, and in myopia there are two objections to 
depending on accommodation for vision of near 
objects. 

(a) ^^ The fact that in myopia the ciliary muscle is 
wasted and hence there is deficient accommodation, 
whereas a fully correcting lens requires full accommo- 
dation for near vision, and since in myopia the power 
of accommodation is weakened from disease of the 
ciliary muscle, overstraining of the eye would result 
and so cause discomfort, if nothing worse. 

(b) ^^ By a fully correcting — lens the retinal images 
would be so much diminished in size that the patient 
is tempted to enlarge the images again by bringing 
the object nearer, thus doing away with much of the 
benefit which his lenses ought to bring to him.*^ 
{Nettleship.) 

64. Hence in higher degrees of myopia we require 
for distinct near vision such a lens as will place the 
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far point at a greater distance from the eye tlian at 
which the natural refraction of the eye places it. 

Suppose that we are dealing again with an eye 
which possesses 7 dioptres of myopia, such an eye will 
have its far point at 14 cm. from the eye — 



/lOO cm. - , \ 
(^-^^^=Ucm.j 



Let us suppose that we require to remove this far 
point to a distance of 30 cm. {vide Figs. 15, 16, 17). 



Pig. 15. 



t>iverging rays from 14 cm. focussed on retina. 
Fia. 16. 



Less diverging rays from 30 cm. focussed in front of retina. 

Rays coming from an object at 30 cm. distance will 
have less divergence than they would have if they came 
from an object 14 cm. 
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Fig. 17. 



Increased divergence given by means of lens to rays from 
30 cm.^ so as to give them the same amount of divergence 
as they would have if they came from 14 cm. ; consequently 
they are focussed on the retina, and the far point is 30 cm. 
instead of 14 cm. 



Now, an eye witli 7 D of myopia lias distinct vision 
for an object distant 14 cm., because that is its natural 
far point. 

Hence what we require is to give to the less diverg- 
ing rays from 30 cm. such an increase in their diverg- 
ence as will make them appear as if they came from a 
distance of 14 cm. 

That being done these rays from 30 cm. are now 
properly focussed and distinct vision at that distance 
results. 

Now, a — 7 D. lens (which is the fully correcting 
lens in this case) will give to the parallel rays such an 
amount of divergence as they would have if they came 
from a distance of 14 cm. 

But we require to give to the rays a less amount of 
divergence than that ; we only require that they should 
have the lesser divergence of an object at 30 cm. 

Therefore from such a lens as has a focal distance 
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of 14 cm. ( — 7 D.) we subtract that lens whose focal 
distance is 80 cm. (— 3-25 D.). 
Our sum will stand thus : 
-7D. 

- 3-25 D. 

- 3-75 D. 

And a lens — 3*75 D. will be the lens required. 

But the patient should be cautioned against using 
his spectacles to see objects situated at a shorter dis- 
tance than that for which they are adapted (30 cm.) 
because in that case the divergence of the rays from 
the object are increased the nearer it is brought to 
the eye, and such rays would be focussed behind the 
retina, producing confused vision, though by using his 
accommodation distinct vision would be restored, but the 
use of accommodation, we have before said, is hurtful, 
therefore the patient should take care to place his 
work at his allotted distance from the eye, though his 
difficulty in so doing is incressed by the fact that 
there is a constant temptation to overstep his distance, 
because the nearer the object is to the eye the larger 
is the image which he obtains. on his retina. 

Hence watchfulness and attention are required on 
the part of the patient. 

65. To sum up then : 

In young people in whom the myopia is not extreme, 
say — 2*5 D., and in whom in consequence of youth 
the ciliary muscle has not yet had time to become atro- 
phied from disuse, we may in these cases supply 
lenses which fully correct the myopia for distant 
objcts. 
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In these cases we have no hesitation in calling upon 
their accommodation to supply them with distinct 
vision for near objects. 

66. Also in the case of myopia of not above say 
— 7 D. occurring in persons not over twenty-five years 

of age, we may try fully correcting glasses, provided 
they show no signs of disease of the fundus of the 
eye. By giving them fully correcting glasses we rely 
on the accommodation coming into play and giving 
near vision. By wearing these fully correcting lenses 
constantly ^^ the ciliary muscle may be coaxed into 
action, and may eventually be brought up to the 
normal working power.'' {Lang,) 

67. In older people in whom the myopia is not 
extreme we may also give lenses which fully correct 
the myopia for distant objects, but with the caution 
that they should not be used for near objects. 

Their myopia not being extreme, their natural far 
point (without lenses) will be situated at a convenient 
distance from the eye for reading, &c. 

68. But in extreme myopia we give glasses in 
accordance with Section 64. 
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CHAPTER V 

HYPEEMETROPIA 

69. In the hypermetropic eye the parallel rays from 
a distant object are f ocussed behind the retina instead 
of on it^ and this error of refraction may theoretically 
arise from three sources (Fig. 18). 

Fig 18. — Hypermetropic Eye. 



D. O.^Kays from distant object. 

F. = Focus of such rays behind retina. 
F J. = Focus of such parallel rays, brought forwards by 
means of the exercise of accommodation. 

(a) The hypermetropic eye may be too short in its 
antero-posterior diameter^ i. e. from the cornea in front 
to the retina behind, so that the retina is moved too 
far forwards, and is too near to the refracting media 
of the eye. 

(b) The refracting media of the eye may not be 
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sufficiently convex ; tlins becoming deficient in refrao- 
tive power thej are onable to focus on the retina tlie 
parallel rays of light from a distant object. 

(c) Too low an index of refraction of the trans- 
parent media. 

70. In all these cases the same thing will happen^ 
viz. that the parallel rays of light from a distant object 
meet the retina before they have been sufficiently 
refracted to come to a f ocns^ t. e. the principal f ocns of 
the eye is situated behind the retina (Fig. 18) and 
vision for distant objects is indistinct. 

71. But if, before they meet the refractive media of 
the eye, the parallel rays from a distant object can 
be made to converge somewhat, then the hyperme- 
tropic eye, with its feeble refracting power (70), may 
be equal to focussing on the retina (instead of behind 
it) such already slightly converging rays. 

In this case the hypermetropia is corrected by the 
lens, provided of course that its convexity is suited to 
the amount of the hypermetropia. 

But though a hypermetropic eye ought not to have 
distinct vision for distant objects, yet we often find on 
testing a patient that his vision appears to be normal, 
i. e. that he can read the Test Type No. 6 Snellen at 
6 metres, and yet he is the subject of hypermetropia. 

How comes it then that this hypermetropic eye, in 
which vision for distant objects on theoretical grounds 
should be indistinct, appears to have normal distant 
vision ? 

The patient has been exercising his accommodation 
(Fig. 18). 
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In the emmetropic eye accommodation is used only 
for the purpose of focussing the diverging rays from 
a near object, but in this hypermetropic eye it has 
been used for focussing the parallel rays from a distant 
object. 

72. In order to test this statement we place the 
patient at a distance of 6 metres from the test types, 
and we find his vision = f , i. e. is apparently normal 
for distant objects. We then place before his eyes 
say a -f 0*5 D. 

His vision, we will suppose, is still ^. 

We then continue to place before the eye -f lenses 
of gradually increasing power, till we come to a lens 
with which the patient can no longer see f . 

We then revert to the highest lens with which the 
vision was still f , and this lens is a measure of the 
manifest hypermetropia. 

73. Supposing this lens to be a lens of + 2*5 D., 
then the patient has 2*5 dioptres of manifest hyper- 
metropia or H. m., as it is usually written. 

We have thus far learned that the eye under con- 
sideration is not an emmetropic eye which focusses on 
the retina parallel rays from a distant object. For if 
it were an emmetropic eye, these -f lenses should have 
so increased the refraction of the rays that they would 
have been focussed in front of the retina — causing 
indistinct vision. 

74. We will now paralyse the patient's accommoda- 
tion by means of atropine, and on applying test lenses 
we find as the result of the paralysis of his accommo- 
dation that now he has distinct vision for distant 

3 
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objects, even thongli say a + 4 D. lens is given him, 
i. e. his 2'5 D. of manifest hypermetropia are now in- 
creased to + 4 D. of total hypermetropia. 

The paralysis of accommodation has disclosed 1*5 
dioptres of hypermetropia which were previously not 
manifest. 

76. Such hypermetropia is called latent hyperme- 
tropia, or H. 1. 

Hence the total hypermetropia of any eye always 
= H. m. + H. 1. (manifest hypermetropia + latent 
hypermetropia = Total hypermetropia) . 

76. The latent hypermetropia is the result of a tonic 
spasm of the ciliary muscle, and arises in consequence 
of the accommodation of the eye being constantly 
used for the purpose of obtaining distinct vision for 
distant objects ; hence the ciliary muscle is always in a 
state of tension. 

77. Supposing that we consider an eye with a total 
hypermetropia of 6 dioptres, such an eye would 
require to exercise 6 D. of accommodation in order to 
focus on the retina the parallel rays from a distant 
object, i. e. it would only have distinct distant vision 
at the cost of the consumption of 6 D. of accommoda- 
tion. 

78. Now, accommodation is intended to be used 
for the purpose of giving distinct vision for near 
objects, and not -for the purpose of distant vision. 

79. How then will this irregular consumption of 
his accommodation affect this hypermetrope^s near 
vision ? 

Clearly if 6 D. of accommodation are spent in 
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securing distant vision, his accommodation whicli is 
left for near objects is less by that amount which he 
has used for distant vision, i. e. in this case 6 D. 

And supposing the hypermetrope to be thirty years 
of age, at which age there is usually only about 6 D. 
of accommodation, then this hypermetrope would have 
no accommodation at all remaining for near vision, and 
would simply have clear distant vision. 

80. Hence the effect of hypermetropia on near vision 
depends not only on the amount of hypermetropia, but 
also upon the amount of accommodation which the 
patient has remaining according to his period of life. 

81. But the amount of accommodation varies with 
age, for at 

10 years the accommodation remaining is 14 D. 

20 „ „ „ 10 D. 

30 „ „ „ 7D. 

It is clear, therefore, that if the hypermetropia be 
moderate in amount and the patient young, i. e. with 
a great amplitude of accommodation, then the hyper- 
metropia will be of little inconvenience, as the patient 
by reason of his youth would be the possessor of such 
an amount of accommodation that he can afford to 
spend some in correcting his hypermetropia {%, e. for 
distant objects) and still have sufficient remaining to 
spend in securing distinct near vision. 

Thus suppose we have + 3 D. of hypermetropia in 
a child ten years of age with 14 D. of accommodation. 
It is clear that he would have II D. of accommodation 
(14 D. — 3 D.) for near vision. So he would have 
enough accommodation and some to spare. For 11 D. 
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of accommodation would place his near point at 9 cm. 
(1^0=9 cm.). 

But when he has arrived at thirty years of age his 
accommodation will naturally have decreased to 7 D. 
(81) and in this case, allowing + 3 D. for his hyperme- 
tropia, he can only have 4 D. of accommodation remain- 
ing, i, e. his near point will have receded to 25 cm. 

In fact he will have become presbyopic at thirty 
years of age, since presbyopia is considered to com- 
mence when the near point has receded beyond a dis- 
tance of 22 cm. from the eye. 

82. But in making the calculations which we have 
done in the preceding paragraph (81) we have 
assumed that these hypermetropes have used all their 
accommodation, but it must be borne in mind that the 
habitual use by any eye of the whole of its possible 
accommodation may be attended with very evil conse- 
quences. 

83. So that for the comfortable use of sustained ac- 
commodation at any distance, the eye must always have 
a portion of its accommodation unused, i. e. in reserve ; 
such reserved accommodation is only to be used on 
special occasions and for short periods, and conse- 
quently if in the case cited (81) we allow for the 
accommodation which is required to be held in reserve, 
this boy of ten years of age with 3 D. of hyperme- 
tropia may have at his command, for sustained vision, 
only say 8 D. of accommodation instead of 11 D., and 
by the time that he is thirty years old there may be 
none at all remaining for near vision, after his 3 D. of 
hypermetropia has been provided for. 
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84. Therefore even in cases of hypermetropia of low 
degree the error had better be corrected, in order to 
avoid the consequences which may follow on the use 
of the whole of the accommodation which the eye is 
capable of exercising, and although in these cases 
nothing may occur to draw the patient's attention to 
any error in his sight, for so long as his accommodation 
continues vigorous it may suffice for giving him a 
distinct vision for both distant and near objects, yet 
when anything occurs to diminish the vigour of such 
accommodation, as ill- health or increasing years, with 
its natural failure of accommodation, then the balance 
of the patient's accommodation left over after the 
focussing of distant objects had been provided for, 
and which formerly sufficed also for focussing near 
objects, is now no longer sufficient for that purpose ; 
and a person who up to the time of the occurrence of 
an illness had not noticed any failure of sight, is now 
often unable to see near objects distinctly. 

The illness, by weakening the power of the over- 
acting ciliary muscle, has revealed the existence of 
the hypermetrdpia. 

86. At first sight the correction of hypermetropia 
would seem to be comparatively easy, viz. to give the 
highest + lens which corrects the total hyperme- 
tropia, thus converting the eye into an emmetropic 
eye — with distinct distant vision, without any accom- 
modation — and if a near object is required to be 
viewed, then by bringing the vigorous and hyper- 
trophied ciliary muscle into play, the diverging rays 



Digitized by 



Google 



38 REFRACTION 

from the object would then be duly focussed on the 
retina by the aid of the resulting accommodation. 

But in practice, except in cases of young persons 
with slight hypermetropia and vigorous accommoda- 
tion, it is found best not to correct the whole of the 
total hypermetropia, but to order such lenses as will 
not correct quite all of it, and thus leave the eye to 
make a partial use of its accommodation. 

86. The experience of ophthalmic surgeons prompts 
them to adopt somewhat varying rules, but the 
following will probably lead to satisfactory results : 

^1) Ascertain the amount of manifest hypermetropia 
and add 1 D. as representing the latent hyperme- 
tropia ; or, better — 

(2) Ascertain the amount both of manifest and 
latent hypermetropia, aud then we may follow the rule 
laid down by Bonders. — 

'^ That we should prescribe such glasses as correct 
the whole of the H. m. and one fourth of the H. 1." 
{Hartridge.) 
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CHAPTER VI 

PRESBYOPIA 

87. Presbyopia is considered by many ophthalmic 
surgeons as commencing whenever the near point of 
distinct vision has receded beyond a distance of 22 
cm. from the eye. 

88. This being quite an arbitrary standard^ a more 
scientific statement would be to say that presbyopia 
commences whenever the near point of distinct vision 
recedes beyond the most convenient working distance. 
And in this case it is evident that its commencement 
will vary according to the occupation as well as with 
the age of the patient. For correcting presbyopia 
on this basis see 106. Inasmuch then as the arbi- 
trary fixed standard for the commencement of pres- 
byopia (22 cm.) has the merit of simplicity, and also 
renders a clear description of presbyopia more easy, 
we shall base our remarks on the supposition that 
presbyopia commences when the near point of vision 
has receded beyond 22 cm. from the eye, but we shall 
also give directions for its calculation and correction 
on the basis of its varying with the occupation and 
age of the patient (96). 

In presbyopia, then, the near point recedes further 
and further from the eye in consequence of a gradual 
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decline in the power of accommodation — a decline 
which is the result of a decrease in the elasticity of 
the lens, accompanied probably by a diminution in the 
power of the ciliary muscle, and as accommodation 
mainly consists in an increase in the curvature of 
the lens, induced by the action of the ciliary muscle, 
it follows therefore that by reason of increase of age, 
not only is the lens, on account of its increasing 
firmness, less capable of responding to calls made on 
it to increase its curvature, but also that thp ciliary 
muscle is less potent for calling such increased curva- 
ture into play. 

Hence the power of accommodation must necessarily 
decrease with advancing years. 

This gradual decline in the power of accommodation 
is supposed to commence at the age of ten years, at 
which age the eye possesses 14 D. of accommodation ; 
at the age of twenty it has declined to 10 D., an 
amount of accommodation which would place the near 

point at 10 cm. from the eye, because -.^ -p. =10 cm. 

At forty years of age the eye has only 4*5 D. of 
accommodation left, which would place the near point 

at 22 cm., because -nr = 22 cm. 
4*5 

89. At forty years of age then the eye has arrived 
at the starting-point of presbyopia, as the power of 
its accommodation has declined to 4*5 D., and con- 
sequently the near point has receded to 22 cm. 

j-^ = 22 cm. 
4*5 
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90. At about sixty-five years there is no power of 
accommodation at all remaining, and a patient of that 
age will require a + 4*5 D. lens in order to replace 
that loss of accommodation which has taken place 
since he was forty years old. 

91. Thus in an emmetropic eye presbyopia may be 
said to consist in a gradual loss, between the ages of 
forty years and sixty-five years, of 4*5 D. of accom- 
modation. 

92. This disappearance of the 4*5 D. of accommo- 
dation has taken place at a regularly graduated pace, 
for 1 D. disappears with every five years added to the 
age of forty. 

The oculist therefore has to dole out to his patient 
1 D. of accommodation every five years, and he does 
this by placing outside the eye that amount of accom- 
modation which has been lost, so to say, from the 
inside of the eye. 

In fact, he supplies the missing accommodation in 
the shape of that + lens which will exactly equal the 
amount of the missing accommodation, every 1 D. lost 
being efficiently replaced by a + 1 D. lens. 

93. At forty-five years there has been lost + 1 D. 
of accommodation, therefore a + 1 D. lens will be 
required outside the eye to replace the 1 D. which has 
been lost. 

At fifty years there have been lost + 2 D. of 
accommodation, and therefore a + 2 D. lens will be 
required outside the eye to replace the + 2 D. which 
has been lost. 

At fifty-five years there have been lost + 3 D., and 



Digitized by 



Google 



42 BB9BACTI0N 

therefore a + 3 D. lens will be required to replace 
it. 

At sixty years there have been lost + 4 D., and 
therefore a + 4 D. lens will be required to replace it. 

At sixty-five years (about) all accommodation has 
disappeared, and therefore a + 4*5 D. lens will be 
required to replace it. 

Such a patient at sixty-five years of age, having 
lost all accommodation, will have no point of near 
vision, though his distant vision may remain perfect. 

94. Sometimes, however, distant vision becomes 
impaired by age chiefly in consequence of the lens 
becoming less convex, in which case the eyes may not 
be capable of focussing, as they used to do, the 
parallel rays from a distance j such rays would conse- 
quently be focussed behind the retina as in hyperme- 
tropia, and the patient is then said to have a species 
of hypermetropia which is known as acquired hyper- 
metropia. 

96. In all the instances given in (93) it will be seen 
that in an ordinary case of presbyopia a simple sub- 
traction sum has to be done if we wish to supply the 
proper correcting lens. 

(a) Find out that lens whose focal distance is the 
required near point, e, g. if the required near point of 
vision is 22 cm., then the lens required is + 4*5 D. 



Cl=---)- 



(b) From that lens subtract the amount of accom- 
modation which remains for the age of the patient 
under consideration. 
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Say the age is fifty-five years. At that age the 
accommodation remaining is + 1*5 D., for, since the 
age of forty, when he had remaining 4*5 D. of accom- 
modation, he has passed through three spaces of five 
years each, and during each space he has lost + 1 D. 
of accommodation. Hence his total loss is + 3 D., and 
if 3 D. be subtracted from 4*5 D., he therefore has 
remaining 1'5 D. of accommodation, or, to put it in 
figures, — 

Lens representing required near point . . 4*5 
Accommodation lost since forty years . . 3 

Accommodation remaining at fifty-five years + 1*5 D. 

(c) Then having found the accommodation remain- 
ing, subtract (b) from (a). 
Thus at fifty-five years 

Eequired near point (a) 4*5 

Accommodation remaining at fifty-five years (b) 1*5 

Lens required + 3 D. 

96. It must be remembered, however, that for 
special occupations the near point may be required to 
be at some other distance than 22 cm., and then the 
terms of the sum will have to be varied accordingly. 

Suppose the near point is required to be at 40 cm. 
instead of 22 cm. 

Then ^ = 2-5 D. 
40 

Therefore with a patient of fifty-five years our sum 

will be varied as follows : 
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Lens representing required near point . . 2*5 D. 
Accommodation remaining at fifty-five years 1*5 

Lens required -I- 1 D. 

But in all cases it is in practice found best to give 
a lens a little below the fully correcting power as found 
by the above method. 

To repeat — an emmetropic eye is one which in a 
state of rest {i. e. exercising no accommodation) has 
distinct vision for the parallel rays from distant 
objects, but such an eye, by bringing into play its 
power of accommodation, is able also to have distinct 
vision for the diverging rays from a near object. 

Hence such an eye has a distant point of distinct 
vision and also a near point of distinct vision. 

But as age advances there is a gradual diminution 
in the extent of this accommodating power of the eye, 
the result of which is that as years go by the near 
point of distinct vision recedes further and further 
from the eye in proportion to the decrease of the 
power of accommodation, and the same type which at 
a distance of 22 cm. could be read distinctly by a 
person of forty years of age, would, when the reader 
is fifty years old, have to be held at a distance of 40 
cm., in order to be seen as clearly as it was seen ten 
years previously. Such a condition of things is called 
presbyopia. 

Of course if the size of the type is gradually in- 
creased according to the gradual disappearance of 
the accommodation, it could still be read at 22 cm. 
And this is what most presbyopics do. 
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In order to delay taking to the use of spectacles, 
they take to using large print, rejecting the smaller 
type, till it becomes rather difficult to supply them 
with the type which they like, and then they are 
driven as it were to spectacles, which practically make 
their small type into large type. 

The explanation of this necessity for moving the 
type further and further from the eye as age advances, 
is that the further the type is from the eye the less 
divergent are the rays proceeding from it to the eye, 
and since they are less divergent, less accommodation 
of the eye is called for in order to focus such rays on 
the retina. 

This is just what such an eye requires in advancing 
years, because it possesses less and less power of 
accommodation. 

Thus presbyopic persons meet their loss of the 
power of accommodation by making less demand on 
that power, or, in other words, by moving the type 
further off, they supply to the eye rays of just such 
an amount of divergence as they know by experience 
that their eye can focus on the retina. 

97. Inasmuch as in presbyopia the near point 
gradually recedes by time-regulated stages it follows 
that if the rate of decrease of accommodation is 
known, as well as the patient's age, we can also know 
what is the amount of his presbyopia (assuming of 
course that it commences at 22 cm.) or if his pres- 
byopia is known, his age can be approximately fixed. 

98. But the above statements only apply of course 
to the emmetropic eye, for it is clear that presbyopia 
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will be considerably modified both as to the time of its 
commencement and the rate of its progress, according 
as the eye was originally myopic or hypermetropic. 

99. In hypermetropia, for instance, suppose there is 
+ 2 D. of hypermetropia. 

That will clearly mean that + 2 D. of accommo- 
dation has been consumed by the eye, in order to 
focus distant objects. 

It follows then that during all the time which the 
hypermetropia has existed, the eye has had + 2 D. 
less of accommodation for near objects than has an 
emmetropic eye of the same age — or in other words, 
the accommodation for near objects is less by the 
amount which has been expended on distant objects, 
viz. + 2 D. 

And if the emmetropic eye at the age of forty years 
has + 45 D. of accommodation remaining, and there- 
fore placing its near point at 22 cm. ( Trrpr = 22 cm. I ; 

it follows that at the same age the eye with + 2 
D. of hypermetropia will only have 2*5 D. of accom- 
modation remaining for near objects, instead of the 
4*5 D. which it ought to have, because, although its 
total amount of accommodation is not less than in an 
emmetropic eye of the same age, it has applied its 
accommodation differently, part having been applied 
to distant objects, whereas the whole of it ought to 
have been expended on focussing near objects. 

Consequently at forty years of age this eye with 
+ 2 D. of hypermetropia has only 2*5 D. of accom- 
modation remaining which it can apply to a near 
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object, and its near point will therefore be at 40 cm. 

( o.K "n ~ ^^ ^^^* r ^^^^^^^ ^^ emmetropic eye of the 
same age, with its 4*5 D. of accommodation, would 
have its near point at 22 cm. ( , ^ ^ * = 22 cm. 1 . 

So that if presbyopia is considered as commencing 
when the near point is beyond 22 cm., then this 
patient with + 2 D. of hypermetropia has really been 
presbyopic for some time previously to attaining forty 
years of age, whereas at forty years the emmetropic 
eye is only just beginning to assume presbyopia. 

100. Hence we find that in hypermetropic eyes 
presbyopia mibst commence at a much earlier age than 
it does in emmetropic eyes. 

101. Therefore, in making our calculations for pres- 
byopia occurring in a hypermetropic eye, it is evident 
that we must make due allowance for the hyperme- 
tropia, and this can be done (1) by correcting the 
hypermetropia, i. e. by converting the hypermetrope 
into an emmetrope ; and then (2) by treating his pres- 
byopia as we should treat it (96) if there was no 
hypermetropia existing, which is equivalent to saying 
we must add to the lens which represents the hyper- 
metropia that lens which would suit an emmetrope 
with presbyopia. 

Thus in the case we have considered of hyperme- 
tropia + 2 D. in a patient fifty-five years the lens 
required would be + 5 D. instead of + 3 D. which 
would be required if his eye were emmetropic. The 
calculation would be : 
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Lens representing near point required • 4*5 D. 
Accommodation remaining at fifty-five years 1 • 5 



Lens required for an emmetrope . . . .-hSD. 
Add on + 2 D. hypermetropia 2D. 



Lens required allowing for the + 2 D. of 

hypermetropia + 4 D. 

102. In the myopic eye everything is the reverse, so ' 
to say, of the hypermetropic eye. Suppose we have to 
deal with a case of — 4*5 D. of myopia. 

That means that the patient^s far point of distinct 

vision is 22 cm. f , ^ j. = 22 cm. 1. Therefore he re- 
quires to exercise no accommodation in order to see at 
22 cm. 

Hence the total loss of his accommodation can never 
make any difference to him, for he will always be able 
to see distinctly afc 22 cm., which is his far point, 
therefore he can never become presbyopic. 

Of course if the myopia is of a higher degree than 
— 4' 5 D. it is still more impossible for him ever to 
become presbyopic. 

A patient therefore with — 4*5 D. or more of 
myopia can never become presbyopic, and in cases of 
myopia of less than — 4*5 D. the date of the com- 
mencement of presbyopia is necessarily postponed — 
in comparison with the date of its commencement in 
emmetropes. 

For just as myopia is the reverse of hypermetropia, 
and as the hyp^rmetrope, when wishing to use his 
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accommodation for near vision^ starts at a disadyantage 
in comparison with an emmetrope, because his far 
point from which he starts is beyond infinity, i. e, six 
metres ; so, on the contrary, the myope, in comparison 
with an emmetrope, starts for the near point with an 
advantage, because the far point from which he starts 
is nearer than infinity — ^how much nearer will depend 
on the amount of his myopia. 

108. As the disadvantage of the hypermetrope, in 
connection with presbyopia, is measured by the amount 
of his hypermetropia, so the advantage of the myope 
is also measured by the amount of his myopia. 

A myopic eye, therefore, before it could be the 
subject of presbyopia, must lose, in the run for the 
near point, all the advantage which its myopia gave it, 
and as this advantage is measured by the amount of 
the myopia, it follows that in remedying presbyopia 
in a myopic eye we must do exactly the reverse of 
what we did in hypermetropia. 

In the hypermetropic patient, by first correcting 
his hypermetropia, before proceeding to deal with his 
presbyopia, we virtually deprived him of the dis- 
ad/vantagey in connection with the near point, which 
his hypermetropia gave him, his far point having been 
beyond infinity, of course. 

Similarly, in a case of presbyopia occurring in a 
myope, we proceed to deprive him of the advantage 
in connection with the near point which his myopia 
gives him ; that is, we first correct his myopia and 
then treat his presbyopia as we should do if he was 
an emmetrope. 

4 
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This IS equivalent to saying that we must subtract 
that lens which represents his myopia from the lens 
which would suit an emmetrope of the same age. 

Therefore, in a case of myopia — 2 D. in a person 
aged fifty-five years, we should work as follows : 

Near point required 4*5 D. 

Accommodation remaining at fifty-five years 1*5 



Lens required if there was no myopia . + 3 D. 
Subtract the amount of myopia . . . —2D. 



Lens required + 1 D. 

or, which amounts to the same thing, correct the 
myopia by — 2 D. lens ; then correct the presbyopia 

+ 3 D., and + 3 D. - 2 D. = + 1 D. 

104. It follows, from what has been said above, that 
as the hypermetrope has a disadvantage and the 
myope an advantage in connection with presbyopia^ 
so in hypermetropia we have presbyopia commencing 
early, and in myopia its advent is delayed, the varia- 
tion in each case depending on the amount of the error 
of the refraction. 

Hence the origin of the popular idea that short- 
sighted persons are also strong sighted, by which is 
meant that they are longer in showing the result of 
the failure of their accommodation. 

105. Table of amount of presbyopia in an emme- 
tropic eye : 
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106. If we prefer to regard presbyopia, not as com- 
mencing when the near point has receded beyond a 
given fixed unvarying distance, but as presenting 
itself whenever the near point has receded to an incon- 
venient distance, and this, as said before, is a more 
scientific view to take of it, then the method for its 
correction will vary somewhat from that previously 
described. 

The first thing to do is to find out at what dis- 
tance from the eye the near point is in any given 
case. 

The near point, or punctum proximum, is that point 
at which Snellen^s No. 5 Type and Jaeger^s No. 1 Type 
can be clearly read. We will suppose then that the 
near point is at a distance of 50 cm. from the eye, and 
that the patient requires to be able to read at a dis- 
tance of 25 cm. 

Now, it is clear that what we have to do is to bring 
the near point from 50 cm. distant to a point 25 cm. 
distant. 

It is equally clear that to bring the near point from 
infinity to 50 cm. involved the exercise of 2 D. of 

accommodation, because -^ = 2 D. 
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It IS equally clear that to bring the near point from 
infinity to 25 cm. would involve the exercise of 4 D. 

of accommodation, because -^ = 4 D. 

Therefore if we increase the accommodation by the 
amount which it fell short of in its effort to bring the 
near point to 25 cm., we shall have accomplished 
the desired end, and shall have remedied the pres- 
byopia. 

Hence the difference between the patient^s actual 
near point and his desired near point will measure the 
deficiency of his accommodation, and therefore in the 
above case as 

25 cm. = 4 D. of accommodation, and 
50 cm. = 2D. of accommodation, 
therefore + 2 D. of accommodation is the differ- 
ence between the actual near point and the one 
desired, and a + 2 D. lens would bring the near point 
to 25 cm. 

It is evident that there is a much greater amount 
of elasticity about this system of correcting presbyopia 
as compared with its fixed definition as commencing 
at 22 cm., since it is capable of being varied to suit 
every kind of requirement. 

For the difierence between the two points being 
found, that difference accurately represents the accom- 
modation which has been lost, and which it is required 
to replace. 

Any existing hypermetropia or myopia must of 
course be corrected previously to finding out the near 
point, and will have to be allowed for when calculating 
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the lens required^ jast as was done under the fixed 22 
cm. method, viz. by adding the lens which corrects 
the hypermetropia and subtracting that which repre- 
sents the myopia. 
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CHAPTEE VII 

ACUTENESS OP VISION 

107. In order to compare the vision of one person 
with that of another, or to be able to note the exact 
amount of improved vision which any patient receives 
at our hands, it is necessary that we should have a 
generally accepted standard of vision. Such a standard 
would then be regarded as the standard of normal 
vision. 

108. The standard, then, of normal vision which is 
generally accepted is that a normal eye should see 
clearly any object which subtends an angle of 5 
minutes, i. e. which subtends the visual angle. 

And, taken in connection with the test types gene- 
rally used, what is meant by a statement that the 
object to be seen by the normal eye must subtend an 
angle of 5 minutes ? 

109. Before answering this question we must under- 
stand what the visual angle means : 

It is well known that the retina receives on its 
surface an impression of an inverted image ©f any 
object which is focussed on it, i, e, the axial rays from 
an object cross and are refracted by the surface of 
the cornea, the front surface of the lens, and the front 
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surface of the vitreous, so that they cross one another 
at the point n. Fig. 19, which is called the nodal point, 
and then form the inverted image on the retina. 

The angle at n is called the visual angle and is an 
angle of 5 minutes. 

It is evident that if d o, Fig. 19, be an object situated 
at a distance of 6 metres from the nodal point n of the 
eye, which is emmetropic, it would form an impression 
D on the retina. And if the angle at n is an angle 
of 5 minutes, then an object of the size of d o subtends 
an angle of 5 minutes, and if it be removed still 
further off to 

Dg Og at a distance of 9 metres, or to 

^13 ^13 ^» }} 12 metres, or to 

^18 ^18 yf y) IS metres, 

and at the same time were to become increased in 

size (as in Fig. 19) in proportion to its increased 

Fig. 19. 



distance from n, it will in each case still continue to 
subtend an angle of 5 minutes. 

110. Hence, if d o were a letter in the test type and 
of such a size as would subtend an angle of 5 minutes 
at N, it will be focussed on the retina with distinct 
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vision if the eye is emmetropic, and would be known 
as No. 6 type, and we should state that the vision was 
normal by the formula that 

TT- __ 6 metres (or distance at which the type is 
6 type : read divided by the number of 
= 1. the type) 

Or, in the same way, we should say of a smaller 
letter that vision was normal because 
^ _ 5 metres 
* "" 5 type. . 
= 1. 

And so on for still smaller letters at decreasing 
distances. But it is not safe to rely upon this test at 
less than 3 metres distance, because the accommoda- 
tion of the eye may be brought into play in reading 
the types at shorter distances. 

The test types usually employed are Snellen's. 
They of course should be exposed to a good light when 
we are testing acuteness of vision, and in anything 
like a prolonged period of testing we ought to have 
a duplicate set of letters on the reverse side of the 
board, as patients are often very quick at learning 
their letters. 

111. It will be evident then that in any given eye 
the exact position of the nodal point n is of great 
importance as regards the refraction power of that 
eye ; and that if from any circumstances the position 
of the nodal point should be shifted either nearer to 
or further from the cornea, that very great conse- 
quences will result from such a shifting. We will only 
take notice of the following. 
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112. In Pig. 20 let n represent the nodal point in a 
myopic eye, a point placed nearer to the cornea than 

Fig. 20. 



N.= Nodal point in myopic eye. 

N2.» Nodal point in hypermetropic eye. The nodal point in an em- 
metropic eye would be situated somewhere between N 
andNj. 

it is in an emmetropic eye, and let Ng be the nodal 
point of a hypermetropic eye, placed further away 
from the cornea than it is in an emmetropic eye. 

It is clear that the angle at n in the myopic eye 
will be a larger angle than is the angle at Kg in the 
hypermetropic eye. 

118. Hence in the myopic eye, with its anterior 
nodal point, the object d o will form a larger image 
o D on the retina than it does in the case of the hyper- 
metropic eye with its posterior nodal point. (The image 
of the hypermetropic eye is represented by the dotted 
line.) 

In an emmetropic eye the nodal point would be 
situated somewhere between the points n and n^ and 
hence its image on the retina would be intermediate 
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in size between that of the myopic and hypermetropic 
eye. 

114. Hence the correctness of the statement that 
myopic eyes have larger impressions of a given 
object than the emmetropic or hypermetropic eye has ; 
and this is shown practically, for it is a matter of 
frequent observation that a short-sighted person is 
what is popularly called a strong-sighted person, that 
is to say, if we start an emmetrope and a myope to 
look for a small object dropped on the carpet, the 
chances are that the myope will find it first, because 
the larger image of the object which he receives 
on his retina gives him an advantage. 

116. It is well known that biconvex lenses enlarge 
and biconcave lenses diminish the images received on 
the retina. This somewhat follows from what we have 
written as regards the size of the images in hyper- 
metropia and myopia (118) (114). 

It will be seen clearly, therefore, if the nodal 
point is by any means brought forwards (compared 
with the position of it in the emmetropic eye), it 
necessarily follows that we have placed the nodal 
point in the same forward position which it occupies 
in myopia, and hence that the visual angle at n will 
have been made larger, and therefore (112) that the 
image on the retina has become enlarged. 

A convex lens, by giving convergence to the rays 
before they meet the cornea, will of necessity bring 
forward the nodal point and so give us an enlarged 
image on our retina. 

Hence the + lens has magnified the image for us. 
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116. It follows, therefore, that a concave lens does 
the reverse of a convex lens, and therefore a — lens 
in front of the eye will displace the nodal point further 
back from the cornea and thus diminish the visual 
angle n. 

Hence, the image received on the retina will be 
diminished in size. 

117. This fact of the smallness of the image which 
we receive when looking through— lenses explains one 
of the reasons why, when fitting myopic patients with 
— lenses, we do not always give them the fully correct- 
ing lens. 

Such a lens would often so diminish the size of the 
letters of a book that the patient, in order to enlarge 
the size of the image on his retina, will perhaps 
bring the book close up to his eyes. Thus, a too 
powerful — lens will, in this case, have created over 
again the very mischief for the connection of which it 
was originally supplied. 
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CHAPTER VIII 

PRISMS AND CYLINDfilCAL LENSES 

118. Rays of light} when passed througli a prism 
are refracted towards the thickest part of the prism. 
Thus in Fig. 21a ray of light a b meeting the sur- 

FiG. 21. 



face of the prism at b will then be refracted to the 
position of b c, and at c again it will be refracted in 
the direction of CD, and though the ray proceeded 
from A, yet an observer at d would refer such a ray 
to the point b, i. e. to a point representing d c pro- 
longed. 

119. If we place two prisms together so that their 
bases are adjacent we practically manufacture a con- 
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vex lens as in Pig. 22, when the rays from a a 
will be focussed at d. 

Fig. 22. 



120. Similarly if we reverse the position of the 
prisms, placing their bases upwards so that their apices 



Fig. 23. 



are adjacent. Fig. 23, we practically manufacture 
a concave lens | for as each prism refracts the rays 
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towards its base, i. e. towards the thickest part, the 
two when placed with their apices adjacent will cause 
the rays of light to diverge as if they had passed 
through a concave lens. 

We have thus far considered + and — spherical 
lenses; and for the purposes of this book we need 
only to take cognisance of three kinds, viz. : 

(1) + spheres or biconvex lenses, i. e. with both 
surfaces convex. 

(2) — spheres or biconcave lenses, i, e. with both 
surfaces concave. 

(3) Cylindrical lenses, convex and concave. 

If we hold a spherical biconvex lens vertically in 
front of our eye, and at the level of it, we may con- 
sider the lens as having (1) an upper or north point; 

Fig. 24. Fig. 25. 



Biconvex or + lens. Biconcave or - lens. 

(2) a lower or south point; (3) an east point; and (4) 
a west point ; and if we move our finger vertically 
from north to south over its distant surface we note 
that this vertical meridian is curved or convex; and 
if we move our finger from east to west horizontally 
over the same surface we find that its horizontal 
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meridian is also curved or convex. And however 
mucli we rotate the lens in our fingers we always have 
a north and south convex vertical meridian^ and also 
an east and west convex horizontal meridian. 

These two meridians, called respectively the vertical 
and horizontal meridians, are thus at right angles to 
each other and present exactly equal amounts of 
curvature. 

If we regard this lens as representing the convex 
cornea then we may consider the cornea also as 
having vertical and horizontal meridians, each convex 
to the same extent. 

121. If in the cornea these two meridians are not 
equally curved, then we have that error of refraction 
which is called astigmatism, see (127, 128, 129). 

What has been said above (120) in relation to a 
convex lens applies equally to a concave lens. 

122. A cylindrical lens differs from a spherical lens 
in the fact that it has only one of its meridians curved. 

Cylindrical lenses are spoken of as having an axis, 
the meaning of which will be explained further on. 

In order to form an idea of a cylindrical lens 
we will take a round cedar pencil, then split it in 
halves where the halves are glued together ; we will 
then cut off from one half of the pencil a piece one 
inch in length. 

If we hold this piece of pencil one inch long in 
front of our eyes so that the glued flat surface is 
towards the face, and the curved surface turned away 
from the face, and if we hold it with the long axis 
(one inch) vertically, then the curved surface may be 
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considered as having a north and south vertical meri- 
dian one inch in lengthy and also an east and west 
horizontal meridian equal to half the circumference of 
the original pencil. 

But only one of the meridians of this piece of 
pencil (or cylindrical + lens as it really is in shape) is 
curved. 

Which of the two meridians will be the curved one 
will entirely depend on the direction of the axis (one 
inch long) of the pencil or cylindrical lens. 

(a) For if, when the long axis is held vertically 
with the glued surface towards our face, we pass 
our finger over the distant surface from north to 
south, or over the vertical meridian, we shall pass it 
over a plane surface ; and hence the vertical meridian 
(corresponding with the direction of the axis of the 
lens) is plane, not convex. 

(b) But if we now pass the finger over the distant 
surface from east to west, that is over the horizontal 
meridian, we shall have passed it over a convex sur- 
f3<ce, corresponding to half the circumference of the 
original whole pencil. 

123. Thus with the axis of this cylindrical + lens 
held vertically — 

(a) The vertical meridian is plane non-refracting. 

(b) The horizontal meridian is convex and refract- 
ing. 

Suppose now we hold the long axis of the lens 
horizontally, then — 

(a) The horizontal meridian is plane non-refract- 
ing. 
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(b) The vertical meridian is now the convex and 
refracting one. 

124. Hence this cylindrical lens can be made to 
fulfil two different purposes according as the axis is 
placed vertically or horizontally ; and the point to 
remember is that^ whichever way it is placed^ the 
direction of the axis represents the direction of the 
plane non-refracting meridian; and consequently, 
the meridian which is at right angles to the direction 
of the axis always represents the refracting meridian. 

Hence the necessity for some mark on cylindrical 
lenses whereby we may know the direction of their 
axes. In many boxes of trial lenses the axis or 
direction of the non-refracting meridian is indicated 
by the direction of a strip of ground glass on the 
margin of the lens. 

The use of cylindrical lenses is to correct errors in 
the refraction of one of the meridians of the cornea in 
astigmatism. 

125. For instance, one form of astigmatism, simple 
hypermetropic astigmatism, presents a cornea with a 
vertical meridian of normal refraction, and therefore 
the rQfraction of that vertical meridian does not require 
to be interfered with. 

But the horizontal meridian of such an eye may be 
hypermetropic say to the extent of 2 D., and this 
horizontal meridian requires a +2 D. lens to bring 
back on to the retina the focus of the horizontal meri- 
dian, and at the same time we must not interfere with 
the vertical meridian, which is normal. 

The remedy for this state of things will be clearly 

5 
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a +2 D. cylindrical lens, placed with its axis (i. e. its 
non-refracting meridian) vertical. 

With the cylindrical lens in that position the 
vertical meridian of the cornea is unaltered, whilst 
the horizontal meridian is supplied with increased 
refracting power to the extent of + 2 D. 

Had we used a +2 D. spherical lens we should have 
altered the refraction of both vertical and horizontal 
meridians of the cornea and have done no good; 
because at tlje same time that the sphere was correct- 
ing the faulty horizontal meridian of the cornea, it 
wotdd necessarily create an error in that vertical 
meridian of the cornea which had previously been an 
emmetropic meridian; and thus we should have 
changed a faulty horizontal meridian into a faulty 
vertical one. 

All the above remarks touching cylindrical plus 
lenses of course apply equally to cylindrical minus 
lenses ; and the main point to remember is : 

(1) If the axis is vertical, the horizontal meridian 
is refracting. 

(2) If the axis is horizontal, the vertical meridian is 
refracting. 

126. Cylindrical lenses are numbered in the same 
way as spherical lenses, according to the refracting 
power of their one refracting meridian. 

Thus cylindrical lenses of +1 D., +2 D., +3 D., 
&c., or —ID., —2 D., —3 D., &c., would mean that 
the one refracting meridian which they possess, 
whether it was convex or concave, is of the power of 
a spherical lens of 1, 2, 3, &c., dioptres. 
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CHAPTER IX 

ASTIGMATISM 

127. When we say that an eye is the subject of 
astigmatism we mean that the vertical and the hori- 
zontal meridians of that eye refract unequally. 

This error of refraction may exist : 

(a) In one meridian only. 

(b) In both meridians. 

128. When only one meridian has faulty refraction, 
the other meridian being emmetropic, we then have a 
case of simple astigmatism. 

129. When both meridians have faulty refraction we 
then have either : 

(a) Compound astigmatism or 

(b) Mixed astigmatism. 

130. It will help us towards gathering a good idea 
of the different forms of astigmatism if we take it as 
a fact : 

(a) That the vertical meridian of the cornea is 
naturally more convex than is the horizontal meridian, 
and therefore : 

(b) In all the forms of astigmatism the focus of 
those rays which are refracted by the vertical meridian 



Digitized by 



Google 



68 REFRACTION 

is always more anterior (t. e. nearer to tHe cornea) 
than is the focus of those rays which are refracted by 
the horizontal meridian {vide 181). 

Let us cut in halves lengthwise an ordinary shaped 
pear, i. e, one whose length is greater than its breadth. 
Then let us hold one half in front of our eyes, with 
the long axis horizontal : the cut flat surface towards 
us, and the round surface turned away from us. 

Then we may think of the round surface of the pear 
as giving us roughly the shape of the meridians of the 
cornea. 

For if we pass one finger downwards over the 
round front surface of the pear (t. e. from north to 
south as it were) we shall pass it over the vertical and 
more convex meridian of the pear (or cornea) ; and if 
we pass the finger horizontally from one end of the 
pear to the other (i. e. from east to west as it were) 
we shall pass it over the horizontal and leas convex 
meridian of the pear (or cornea). 

This increased convexity of the vertical meridian 
will help us to understand why in most of the various 
kinds of astigmatism the focus of those rays which 
are refracted by the vertical meridian is nearer to the 
cornea than is the focus of those rays which are 
refracted by the horizontal meridian. 

131. It is not absolutely correct to say that in all 
cases of astigmatism the vertical rays are focussed in 
front of the point at which the horizontal rays come 
to a focus, for the reverse of this is sometimes the 
case, but by accepting the statement that the vertical 
meridian is the most convex and therefore has its 
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focus, more anterior than is the focus of the horizontal 
meridian, we are able more easily to get a fixed idea 
of the varying errors in the several kinds of astig- 
matism. 

So that while we remember the comparison of the 
curves of the meridians of the pear when lying, as it 
usually does, on its side, thus presenting a more convex 
vertical meridian, yet we must also remember that 
a pear can be placed so as to rest upon its end, in which 
position its vertical meridian will no longer be the most 
convex. 

In applying this to astigmatism we argue that 
just as a pear usually lies on its side with its vertical 
meridian most convex, so in cases of astigmatism do 
we usually find that the vertical meridian of the 
cornea is the most convex, and therefore has its focus 
anterior to the focus of the horizontal meridian ; but 
that, inasmuch as a pear can stand on its end, and in 
this position would have its horizontal meridian most 
convex, so also an astigmatic eye may also have its 
horizontal meridian most convex, with the necessary 
result that in this case the focus of the horizontal 
rays would be anterior to the focus of the vertical 
rays. 

132. There are then five varieties of astigmatism : 

(1) Simple myopic astigmatism. 

(2) Simple hypermetropic astigmatism. 

(3) Compound myopic astigmatism. 

(4) Compound hypermetropic astigmatism. 

(5) Mixed astigmatism. 

133. In simple astigmatism, whether simple myopic 
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or simple hypermetropic, only one meridian has an 
error of its refraction, 

134. In compound astigmatism, whether compound 
myopic or compound hypermetropic, both meridians 
have errors : 

(a) Either both are myopic, but in different degrees, 
then we have compound myopic astigmatism. 

(b) Both being hypermetropic, but in different 
degrees, then we have compound hypermetropic 
astigmatism. 

135. In mixed astigmatism both meridians have 
errors of refraction, one meridian being myopic and 
the other being hypermetropic. 

We will at present discuss only the simple iorms of 
astigmatism ; and we will assume that for their diagnosis 
and treatment we only use the usual trial lenses with the 
astigmatic clock and the usual test types ; ignoring 
the valuable assistance of the ophthalmoscope. 



Simple Myopic Astigmatism. 

136. This being simple, as we have only one meridian 
in error (133), the other meridian being emmetropic. 
And the name of simple myopic astigmatism would 
lead us to suppose that the faulty meridian was erring 
in the direction of myopia. 

This is just the case. 

Therefore in simple myopic astigmatism we 
have one meridian myopic and the other meridian 
emmetropic. 
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WHich meridian then do we expect would err in the 
direction of myopia ? 

Clearly the vertical meridian^ because : 

(a) Myopia is always associated with the idea of 
too much convexity of the refracting media. 

(b) The vertical meridian^ being naturally more 
convex than the horizontal, is that meridian which we 
should expect would assume a condition of too great 
convexity. 

Hence, in simple myopic astigmatism we find : 

(1) The vertical meridian myopic. 

(2) The horizontal meridian emmetropic (Fig. 26). 

Fio. 26. — Sni PLB Myopic Astiohatish. 



y.B Myopic focus of Tertical meridian. 

H.B Emmetropic focus of horizontal meridian. 

Simple Hypermetropic Astigmatism, 

187. This also being simple astigmatism we have 
again one meridian in error, the other being emme- 
tropic. 

And its name would lead us to suppose that the 
faulty meridian was erring in the direction of hyper- 
metropia. 
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This is the case. 

So in simple hypermetropic astigmatism one meridian 
is hypermetropic, the other is emmetropic. 

Which meridian then do we expect would err in the 
direction of hypermetropia ? 

Clearly the horizontal meridian, because : 

(a) Hypermetropia is associated with the idea of 
too little convexity of the refracting media. 

(b) The hoiizontal meridian, being naturally less 
convex than the vertical meridian, is that meridian 
which we should expect would assume a condition of 
too little convexity. 

Hence, in simple hypermetropic astigmatism we 
find: 

(1) The vertical meridian is emmetropic. 

(2) The horizontal meridian is hypermetropic (Fig. 
27). 

Fio. 27.— Simple Htfbbmxtbopio AsxiauATiSH. 



y.= Emmetropic focus of vertical meridian. 
H.= Hypermetropic focus of horizontal meridian. 

188. Here it may be as well to mention that al- 
though we talk of the two faulty meridians of the 
cornea as being the vertical and horizontal meridians. 
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yet we must remember that they are seldom situated 
exactly according to their names. But the point to 
remember in connection with them is that, however 
they may deviate respectively from the direction 
which their name would imply, yet they are always at 
right angles to each other in all cases of astigmatism. 
How the exact directions of the meridians can be 
arrived at will be explained further on. 
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CHAPTER X 

COMPOUND ASTIGMATISM 

We have said before (134) that there are two kinds 
of compound astigmatism : 

(1) Compound myopic astigmatism. 

(2) Compound hypermetropic astigmatism. 

And also (134) that in all cases of compound astig- 
matism both meridians are faulty in their refraction. 
We will first consider : 

Compound Myopic Astigmatism. 

139. This being compound astigmatism^ both meri- 
diaus are in error ; and its name^ compound myopic 
astigmatism^ might lead us to suppose that both the 
faulty meridians erred in the direction of myopia. 

This is just what they do in compound myopic astig- 
matism, for in this error of refraction both meridians 
are myopic. 

But these myopic meridians must be myopic in 
different degrees ; for if both were myopic to the sam^ 
extent we should have myopia pure and simple without 
any astigmatism. 
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Therefore, in compound myopic astigmatism one 
meridian must be more myopic than the other. 

Hence it is a kind of irregular myopia, but differing 
from it by the fact that one meridian is more myopic 
than the other. 

And which of the two meridians should we expect to 
be the most myopic ? 

Clearly the vertical meridian. 

Because, since the term myopia always conveys an 
idea of too great convexity, and since the vertical is 
naturally more convex than the horizontal meridian, 
the vertical starts in front of its fellow meridian (hori- 
zontal) in the race for the joint development of the 
myopic astigmatism. 

It is only reasonable, therefore, to expect, when 
both meridians have arrived at the condition of myopia, 
that the most myopic meridian would be that one 

Fm. 28. — CoHFOUND Myopic Astiohatish. 



y.s Myopic focas of vertical meridian. 
H.s Myopic focus of horizontal meridian. 

which, by reason of its greater comparative convexity, 
started with a tendency to myopia. 

140. Therefore, in compound myopic astigmatism 
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we have both meridians myopic, and of the two the 
vertical is the most myopic. 

Compound Hypermetropic Astigmatism. 

141, This being compound astigmatism, both meri- 
dians are in error, and its name, compound hyper- 
metropic astigmatism, might lead us to suppose that 
both the faulty meridians erred in the direction of 
hypermetropia. 

This is just what they do in compound hyperme- 
tropic astigmatism, for in this error of refraction both 
meridians are hypermetropic. 

^nd just as in compound myopic astigmatism both 
meridians are myopic, so in this compound hyper- 
metropic astigmatism both meridians are hyperme- 
tropic, but in different degrees, or else we should have 
pure and simple hypermetropia without any astig- 
matism. 

142. Therefore, in compound hypermetropic astig- 
matism, one meridian is more hypermetropic than the 
other, and hence, just as compound myopic astigmatism 
was said to be an irregular form of myopia (139), so 
compound hypermetropic astigmatism may be consi- 
dered as an irregular form of hypermetropia, but 
differing from pure hypermetropia by the fact that one 
meridian is more hypermetropic than the other. 

And which of the two meridians should we expect to 
be the most hypermetropic ? 

The horizontal meridian, of course ; because since 
the term hypermetropia always conveys an idea of 
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deficiency in refractiye power^ that is an idea of flatness 
of the refracting media^ and since the horizontal is 
naturally flatter than the vertical meridian^ it follows 
that the horizontal meridian has the starts so to say^ 
over its fellow meridian in the race for the joint 
development of the hypermetropia which they are both 
afiUcted with in this compoond hypermetropic astig- 
matism. 

It is only reasonable, therefore, to expect, when both 
meridians have arrived at the condition of hyper- 
metropia, that the most hypermetropic meridian should 
be that meridian which, by reason of its greater com- 
parative flatness, started with a tendency to hyper- 
metropia. 

143. Therefore, in compound hypermetropic astig- 

¥iQ, 29.— CoMFOUNs Hypbbmbtbopio Astiomatish. 



V.=s Hypermetropic focus of vertical meridian. 
H. « Hypermetropic focus of horizontal meridian. 

matism we have both meridians hypermetropic, and of 
the two the horizontal is the most hypermetropic. 

144. In mixed astigmatism we have both meridians 
at fault in their refraction, but each in a different direc- 
tion, for the vertical, naturally curved meridian has 



Digitized by 



Google 



78 BEFBACTION 

become more curved, t. e. more myopic ; and tHe hori- 
zontal, natnrallj flat meridian lias become more flat, t. e. 
more hypermetropic, as explained by Fig. 30. 

Fie. 80.— MixBs AsnaMAxisH. 



V.= Myopic focns of yertical meridian. 

H.» Hypermetropic focus of horizontal meridian. 
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CHAPTER XI 

SIMPLE MYOPIC ASTIGMATISM 

The diagnosis and treatment of simple astigmatism, 
whether myopic or hypermetropic, is easy when once 
our suspicion of the existence of astigmatism has been 
aroused. 

145. We are led to suspect the presence of astig- 
matism when (supposing that there is no evidence of 
organic deep-seated mischief in the eye) we are unable, 
by any trial lenses, to effect anything more than a trivial 
improvement of distant vision ; or when, as sometimes 
happens, a + lens seems to improve the distant vision 
almost as much as a — lens. 

146. Suspecting then the presence of astigmatism, 
we place the patient at a distance of 6 metres from 
the ordinary distant test type and at the same distance 
from the astigmatic clock, and the direction of the 
most distinct lines on the clock face will point out the 
direction of the most erroneous meridian, and conse- 
quently the meridian which is at right angles to the 
most erroneous one will be the least erroneous 
meridian. 

With the test type we find, say : 
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With the clock we find : 

Vertical lines (from 12 o^clock to 6 o^clock) dis- 
tinct. 

Horizontal lines indistinct. 
Prom this we learn : 

(1) That the vertical meridian is ametropic. 

(2) That the horizontal meridian is emmetropic j 
or, at all events, that the vertical meridian which shows 
the most distinct lines deviates more from emmetropia 
than does the horizontal. 

We now fix in the trial frame a stenopaic slit, which 
is a wooden or metallic disc with an oblong slit in it 
of about 2 mm. breadth. 

Of course when the slit is vertical then rays of 
light can pass only through the vertical meridian of 
the cornea ; and when the slit is horizontal then rays 
of light can pass only through the horizontal meridian 
of the cornea. 

We now gently rotate the disc until we bring it 
into such a position as gives the best distant vision 
of the test types. 

147. The direction of the slit when the best distant 
vision is obtained will point out the direction, of the 
most emmetropic meridian. We will suppose this to 
be the horizontal meridian. 

148. With the slit then in the horizontal position 
we note whether the vision is normal, for if V. = |^, 
and it is not impaired when a low + sphere is placed 
before it, then we know that the horizontal meridian 
is emmetropic. 

Having proved the horizontal meridian to be 
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emmetropic we now rotate the disc so as to bring the 
slit into the vertical position, thereby bringing the 
vertical meridian to the test, and if it does not equal 
f we then know that the vertical meridian is 
erroneous and we proceed to correct it, first noting 
its vision for the distant type and for the clock face. 
Suppose we find, say : 

(1) V. == ^. 

(2) Vertical lines of the clock are dark. 

(3) Horizontal lines of the clock are indistinct. 

Then, since the horizontal meridian is emme- 
tropic, as shown by 148, and confirmed by the indis- 
tinctness of the horizontal lines, and since the 
vertical meridian is erroneous, as shown by V. = ^^ 
and by the distinct vertical lines on the clock, our 
opinion will be that we are dealing with a case of 
simple astigmatism with an erroneous vertical 
meridian. ,^,,,, _ . ,^ ,.^ , . . .^,..,^, , ^, . , .... ..., . ,., y.- - ^^, ... .;,. 

We now proceed to correct the vertical meridian, 
and keeping the slit vertically in tjie direction of 
the erroneous meridian we place a C9nvex sphere, say 
+ 1 D., in front of it with the result that now : 

(1) V. = -^ instead of -j^, so vision has been made 
worse. 

(2) Vertical lines still more distinct. 

The + sphere, therefore, has rendered matters 
worse. 

We therefore try a — sphere, say — 1 D., with the 
sKt still vertical, and we find : 

(1) V. = f instead of ^, so the lens has improved 
vision. 

6 
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(2) Vertical and horizontal lines are about equally 
indistinct^ the vertical having become less distinct and 
the horizontal more so. 

We now try a — 2 D. sphere and find : 

(1) V. = f, i. e. is correct. 

(2) Vertical and horizontal lines are all equally 
distinct. 

Thus, a — 2 D. sphere, acting through the vertical 
slit, has corrected the vertical meridian, and conse- 
quently a — 2 D. cylinder with axis horizontal will 
correct this meridian. We have thus proved that the 
vartical meridian is myopic — 2 D., and as the hori- 
zontal meridian was emmetropic, we have been dealing 
with a case of simple myopic astigmatism with the 
vertical meridian in front of the horizontal (Fig. 31). 

Fig. 31.— Simple Mtofio Astigmatism. 



It wiU be observed that the principle on which we 
have proceeded has been to find out the least erroneous 
meridian, and, if necessary, proceed to correct it, but 
if we find it emmetropic we then test the meridian 
which is at right angles to the emmetropic one. And 
if astigmatism exists this meridian must be erroneous ; 
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and we are dealing witli a case of simple astigmatism^ 
but whether it is simple myopic or simple hyper- 
metropic is of coarse decided by noting that lens 
which, acting on the erroneous meridian, renders 
vision normal. 

149. Hence our rules will be : 

(1) By means of the slit find out the least erroneous 
meridian, and if vision is not normal then proceed to 
correct the meridian by means of + or — sphere's. 

(2) Note the number of dioptres of the correcting 
sphere. 

(3) Eotate the slit so as to place its direction at 
right angles to the least erroneous meridian ; conse- 
quently the slit will now be in the direction of the 
most erroneous meridian ; then proceed to correct this 
meridian by means of + or — spheres. 

(4) Always commence the correction of any erro- 
neous meridian by using + spheres, and these failing 
to improve vision, then proceed to use — spheres. 
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CHAPTER XII 

SIMPLE HTPEEMETROPIC ASTIGMATISM 

150. Suspecting astigmatism^ for the reasons given 
in Section 145, we proceed as in Section 146, and 
test the eye with test type, and find, say : 

With the clock we find : 

Vertical lines indistinct. 

Horizontal (9 o^clock to 3 o^clock) distinct. 

From this we learn : 

(1) That the vertical meridian is emmetropic. 

(2) That the horizontal meridian is in error; the 
distinct lines showing that it deviates more from 
emmetropia than does the vertical meridian. 

Now fix the stenopaic slit and rotate it so as to 
bring it into such a position as gives the most distinct 
vision of the distant test type. 

151. The direction of the slit will point out the 
direction of the most emmetropic meridian. We will 
suppose this to be the vertical one. 

We therefore fix the slit in a vertical position and 
note whether vision is normal; for if V. = ^, and 
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it is not impaired when a low + sphere is placed 
before it, then we know that the vertical meridian is 
emmetropic. 

Having proved the vertical meridian to be emme- 
tropic, we then proceed to test the horizontal by 
bringing the slit into a horizontal position. 

Suppose we find, with the slit horizontal : 

(1) V. = A-. 

(2) Vertical lines of clock indistinct. 

(3) Horizontal dark. 

Then, since the vertical meridian is emmetropic, as 
shown by V=f and confirmed by the indistinctness 
of the vertical Hnes, and since the horizontal meri- 
dian is erroneous, as shown by V. s= ^ and by the 
dark horizontal lines on the clock, our opinion will 
be that we have before us a case of simple astigma- 
tism with an erroneous horizontal meridian. 

We now proceed to correct this erroneous hori- 
zontal meridian. Keeping the slit then in the direction 
of the horizontal meridian we place a convex sphere, 
say + 1 D., in front of it, with the result that : 

(1) V. = -^, so the lens has improved vision. 

(2) Vertical lines less indistinct. 

(3) Horizontal lines less dark and distinct. 

We now, since a -h 1 D. sphere improved vision, 
try a -h 2 D. sphere, and find : 

(1) V. = f , I. e. is correct. 

(2) Vertical and horizontal lines are all equally 
distinct. 

Thus a -h 2 D. sphere acting through the hori- 
zontal slit has corrected the horizontal meridian, and 
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consequently a + 2 D. cylinder axis vertical will 
correct tlie horizontal meridian. 

We have now proved that the horizontal meridian 
is hypermetropic + 2 D., and as the vertical was 
emmetropic we have been dealing with a case of 
simple hypermetropic astigmatism with the focus of 
the horizontal meridian behind that of the vertical 
(Fig. 32). 

Fig. 32.— Simflb Hypsbicbtbopio Astigmatibm. 
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CHAPTER XIII 

COMPOUND MtOPIC ASTIGMATISM 

152. Suspecting the presence of astigmatism^ for 
reasons given in Section 146, with the test type we 
find: 
. V. = A,badly. 

With the clock : 

Vertical lines dark and distinct. 

Horizontal indistinct. 

Prom this we learn : 

(1) That the vertical meridian is erroneous. 

(2) That the horizontal meridian is emmetropic, or 
all events that the vertical meridian which shows the 
most distinct lines, deviates more from emmetropia 
than does the horizontal meridian. 

With the slit horizontal V. = •^. 

With the sUt vertical V. = ^. 

Therefore, this again tells us that the horizontal 
meridian is the least erroneous of the two; and 
therefore that the meridian at right angles to it, 
viz. the vertical, is the most erroneous. 

Then fixing the slit horizontally we proceed to 
correct the horizontal least erroneous meridian. 

We find that with the slit horizontal : 
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y- = ^' 

We then try a + 1 D. sphere, and find t 
V. = -^y i. e. the error is made worse. 
So we try a — 1 D. sphere, and with it : 

(1) V. = f 

(2) Yertical and horizontal lines are all fairly dis- 
tinct. 

With a — 2 D. sphere, we find : 

(1) V. = f . 

(2) AD lines of the clock equally distinct and cl^ar. 

Therefore a — 2 D. sphere has corrected the hori- 
zontal meridian, which consequently had — 2 D. of 
myopia. 

Then fixing the slit vertically (in the direction of 
the most erroneous meridian) we find : 

(1) V. = ^. 

(2) Yertical lines darkest and most distinct. 

(3) Horizontal lines indistinct. 

Keeping the slit vertically we proceed to correct 
the vertical meridian. 

We place a + 1 D. sphere in the frame and find 
that no type is visible. Therefore the + lens has 
made vision worse. 

Consequently we fix — 1 D., and find now : 

(1) V. = ^, i. e. vision is improved. 

(2) Vertical lines dark and distinct. 
Horizontal less indistinct. 

We change now to — 2 D. sphere, and find : 

(1) V. = -j^-, 1. e. still more improved. 

(2) Vertical lines dark and distinct. 
Horizontal lines still less indistinct. 
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A — 3 sphere effects still further improvement, for 
with it : 

(1) V. = |. 

(2) Vertical and horizontal lines are all fairly dis- 
tinct. 

And a — 4 D. sphere makes : 

(1) V. = f 

153. Vertical and horizontal lines all clear and 
distinct. Therefore a — 4 D. sphere has corrected 
the vertical meridian, which consequently had — 4 D. 
of myopia; and we have seen that the horizontal 
meridian had — 2 D. of myopia. 

Therefore, both meridians being myopic, we have 

Fio. Sd.^CoMFoiriiD Mtofio Astigmatism. 



been dealing with a case of compound myopic astig- 
matism with : 

Vertical meridian = — 4 D. 

Horizontal meridian = — 2 D. 

Which would be written thus, supposing that the 
right eye has been tested : 

-4D. 



E. 



~2D. 
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The cross lines representing tlie two meridians. 

And supposing that the amounts of error in the two 
meridians remained the same after that we had para- 
lysed the accommodation with atropine^ we should 
correct the errors as follows : we should correct the 
least erring meridian with a sphere, and the other 
with a cylinder ; therefore in this case our correction 
would be — 2 D. sphere O* —2D. cylinder axis 
horizontal. 

It is evident that the —2D. sphere fully corrects 
the horizontal meridian, and also will at the same 
time correct 2 D. out of the 4 D. of the myopia of 
the vertical, leaving only 2 dioptres (instead of 4 D.) 
of the vertical to be corrected by the cylinder. 

A little consideration will show why in such a case 
we should fail to materially improve vision by the 
spheres alone. 

For a — 2 D. sphere would fully correct the hori- 
tal, and would partially correct the vertical. 

A — 3 D. sphere would still further improve the 
vertical meridian, but would have over corrected the 
horizontal myopic meridian so that it would have 
become hypermetropic + 1 D. 

A — 4 D. sphere would have fully corrected the 
vertical meridian, but would have increased the over 
correction of the horizontal meridian which would 
have become hypermetropic + 2 D. 

* O means combined with. 
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CHAPTER XIV 

CO^OUND HYPEBMBTBOPIC ASTiaMATISM 

154. Suspecting the presence of astigmatism^ for 
reasons given in Section 146, with the test type we 
find: 

(1)V = ^. 

With the clock : 

(2) Vertical lines indistinct. 

Horizontal somewhat darker. 

From this we learn that the horizontal meridian 
which shows the most distinct lines deviates more 
from emmetropia than does the vertical meridian. 

With the slit vertical, V. = -j^. 

With the slit horizontal, V. = •^, badly. 

Clearly, then, the vertical meridian is the least 
in error and therefore the horizontal is the most 
erroneous. 

Then fixing the slit vertically we proceed to correct 
the vertical least erroneous meridian. We find : 

(i)V. = vk. 

(2) Vertical lines dark and distinct. 

(3) Horizontal lines indistinct. 
With a + 1 D. sphere we find : 
(1) D. = VV. 
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(2) Tertical lines dark. 

(3) Horizontal getting darker. 

Therefore a + 1 D. sphere improves vision, so we 
try a + 2 sphere and we find : 

(1) V = f. 

(2) Vertical and horizontal lines equally clear and 
distinct. 

Therefore a + 2 D. sphere has corrected the vertical 
meridian, which consequently had + 2 D. of hyper- 
metropia. 

Then fixing the slit horizontally we find : 

(1) V = ^badly. 

(2) Vertical lines almost invisible. 

(3) Horizontal lines dark. 

Keeping the slit horizontal, we proceed to correct 
the horizontal meridian. 

We place a + 1 D. sphere in the trial frame and 
find : 

(1) v=yv- 

(2) Vertical lines less indistinct. 

(3) Horizontal lines dark. 
With a + 3 D. sphere we find : 

(1) V. = f 

(2) Vertical lines becoming darker. 

(3) Horizontal lines still dark. 

Therefore the + 3 D. sphere has improved vision. 
With a + 4 D. sphere we find : 

(1) V = f 

(2) Vertical and horizontal lines clear and distinct. 
166. Therefore a + 4 D. sphere has corrected the 

horizontal meridian, which consequently had + 4 D. of 
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hypermetropia ; and we have seen that the vertical 
meridian had + 2 D. of hypermetropia, and therefore, 
since both the meridians are hypermetropic, we have 

Fia. 34. — CoMPonn) Htpsbmitbofio Abtioicatism. 



been correcting a case of compound hypermetropic 
astigmatism with : 

Vertical meridian =^ + 2 D. 

Horizontal meridian = + 4 D. 

Which would be written thus, supposing that the 
right eye has been tested : 

+ 2D. 



E. 



+4D. 



The cross lines representing the meridians. 

And supposing that the amount of error in the two 
meridians remained the same after that we had paralysed 
the accommodation with atropine, we should correct the 
errors as follows ; we should correct the least erroneous 
meridian by a sphere and the other by a cylinder, and 
therefore, in this case, the correction would be + 2 D. 
sphere c:^ + 2 D. cylinder axis vertical. 

It is evident that the + 2 D. sphere will fully correct 
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the vertical meridian^ and also will at the same time 
correct 2 D. out of the 4 D. of the hypermetropia of 
the horizontal meridian^ leaving only 2 dioptres (instead 
of 4 D.) of the horizontal to be corrected by the 
cylinder. 

It is evident also that no sphere alone would have 
materially improved vision, because the two meridians 
require unequal corrections, but a sphere of course 
would alter all meridians to an equal extent. 
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CHAPTEK XV 



MIXED ASTIOICATISH 



166. We have hitherto dealt with cases of astig- 
matism in which one meridian has been more erroneous 
than the other. We will now consider a case of mixed 
astigmatism in which the two meridians maj be eqnally 
faulty, one being myopic and the other hypermetropic. 
Of course, if they were either equally myopic or 
equally hypermetropic, we should not have any astig- 
matism, but the case would be one of ordinary myopia 
or ordinary hypermetropia. 

Suppose the vertical meridian is myopic — 2 D., 

Fig. 35.— Mixed Abti&matibk. 



and the horizontal meridian hypermetropic + 2 D., 
in such a case vision would be equally faulty whether 
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the vertical or the horizontal meridian is tested^ and 
therefore we cannot follow out our plan of correcting 
the least faulty meridian firsts inasmuch as the errors 
in each are of the same degree. It remains therefore 
in such a case to select one meridian and correct that 
one^ doing the same afterwards with the other 
meridian. 

We will first take the vertical meridian^ placing the 
sUt vertically, and fixing + 1 D. sphere in the frame 
we find : 

With + 2 D. letters are hardly visible. Therefore a 
+ lens makes vision worse. 

With — ID. sphere we find : 

(l)V.=f 

(2) Vertical and horizontal lines are fairly dark ; 
horizontal the darker. 

With —2D. sphere we find : 

(1) V. = f 

(2) Vertical and horizontal lines all equally distinct. 
Therefore the vertical meridian is corrected by 

— 2D. sphere. 

Now place the slit horizoptqlly and we find that 
+ 1 D. sphere improves the vision and that + 2 D. 
sphere renders : 

(1) V. = f 

(2) Vertical and horizontal linds equally clear and 
distinct. 

Thus the vertical meridian is corrected by a — 2 D. 
sphere and the horizontal by a + 2 D. sphere. 

167. One meridian, therefore, has — 2 D. of myopia 
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and tlie other + 2 D. of hypermetropia, and we have 
l)een correcting a case of mixed astigmatism with : 

Vertical meridian = —2D. 

Horizontal meridian = + 2 D. 

Which would be written thus, supposing that the 
right eye has been tested : 

-2D. 



R. 



+ 2D. 



The cross lines representing the meridians. 

And if, when under the influence of atropine, the 
meridians still showed the same amount of error, and 
if we followed our usual plan, we should correct the 
least erroneous meridian by a sphere and the other by 
a cylinder. But in this case the meridians are equally 
erroneous. 

Therefore it will serve to illustrate another rule, viz. : 

168. If possible order a — cylinder to be ground on 
to a + sphere, rather than a + cylinder to be ground 
on to a — sphere. 

Therefore our prescription for the optician would be 
H- 2 D. sphered^ — 4 D. cylinder axis horizontal. 

It is al^lost self-evident why it was that no sphere 
alone was found to improve vision to any extent, 
because in the same proportion as a + sphere improved 
the horizontal meridian, just in the same degree did it 
make the vertical more erroneous ; and with a — sphere 
the vertical was improved at the expense of the hori- 
zontal. 
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Accommodation at different ages, 80, 81 

— cause of loss of, in presbyopia, 88 — 90 

— definition, 38 
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— in myopia, 51, 56 

— loss of, in presbyopia, 88, 92 
defective, 52 

objections to its use in, 63 

— reserve of, 83 
Acquired hypermetropia, 94 
Acuteness of vision, 108 

Ages, accommodation at different, 81 
Ametropia, definition, 85 
Angle, visual, 109 

in emmetropia, 113 

in hypermetropia, 112, 113 

in myopia, 112, 113 

Astigmatism, 121, 127, 130 

— compound, 129 

hypermetropic, 132, 134, 141—143 

myopic, 132, 134, 139, 140 

— direction of the faulty meridians in, 138 
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hypermetropic, 132, 133, 137 
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— symptoms of, 145 

Axes of cylindrical lenses, 122, 123 
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Biconcave lenses, 7 

why they diminish size of object, 115, 116 

Biconvex lenses, 7 

why they magnify, 115 

Ciliary muscle, spasm of, in hypermetropia, 76 

Conjugate foci, 29, 30 

Converging rays from object beyond focal distance of lens. 

24,28 
Cylindrical lenses, 120—122 

their axes, 122, 123 

their numbering, 126 

their use, 124 

Dioptric system, explanation of, 13 — 21 

— unit of calculation, 12 
Distant object, 5 

Diverging rays from near object, 2 

from object within focal distance of lens, 25, 31 

Emmetropia, definition, 33, 34 

Far point in emmetropia, 47 

— in hypermetropia, 102 

— in myopia, 48 

— of distinct vision, 43 
Focal distance, 15 

— how to find, 15, 21 
Focus, principal, 9 

— virtual, 17 

Hypermetropia, accommodation in, 71, 72 

— acquired, 94 

— causes of this error of refraction, 69 

— definition, 37, 70 

— influence of health on, 84 

— its influence on presbyopia, 99 

— latent, 75 
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Hypermetropia, manifest, 72, 73 

— remedy for 71, 85, 86 

— - spasm of ciliary muscle in, 76 

— total, 76 

Latent hypermetropia, 75 

Lenses, biconcave, 7, 120 

why they diminish size of objects, 115, 116 

— biconvex, 7, 119, 120 
why they magnify, 115 

— cylindrical, their numbering, 126 
their use, 124 

— minus, 7 

— plus, 7 

— spherical, 7 

Manifest hypermetropia, 72, 73 
Measurement of amount of hypermetropia, 53 

— of amount of myopia, 53 — 65 
Meridian of cylindrical lenses, 122 

— of spherical lenses, 120 
Metre, 1 

Minus lenses, 7 

Myopia, causes of this error of refraction, 39 

— definition, 36, 40 

— far point of vision in, 42 

— its influence on presbyopia, 103, 104 

— measurement of amount of, 63 

— near point of vision in, 49, 50 

— objections to use of accommodation in, 63 

— over-correction in, 56 

— remedy for, 56, 60, 64—68 

Near object, 6 

— point of distinct vision, 45, 46 
in myopia, 49, 50 

Nodal point, 109 

— its position in myopia, 113 
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Nodal point, its position in hy^rmetropia, 112 

Object at f otcal distance of lens, 23, 26 

— beyond focal distance of lens, 24 

— distant, 5 

— near, 6 

— within focal distance of lens, 25 
Over-correction in myopia, 56, 58 
bow proved, 59 

to be avoided, 52, 63 

Parallel rays, 1 

— from object at focal distance of lens, 23 
Plus lenses, 7 

Point, nodal, 109 

Presbyopia, age atVbicb it commences, 89 

— as modified by hypermetropia, 99 
myopia, 102 

— definition of, 87, 106 

— its correction for special occupations, 96 
in hypermetropia, 101 

— — in myopia, 103 

— its early advent in hypermetropia, 99, 104 

— its late advent in myopia, 104 

— symptoms of, 96 

— table for its correction, 105 

— treatment of, 92, 93, 106 
Principal focus, 9 
Prisms, 118—120 
Punctum proximum, 46 

— remotum, 43 

Bays, diverging, 2 

— parallel, 1 

— refracted, 8 

Spasm of ciliary musble in hypermetropia, 76 
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Spherical lenses, 7 

Total hypermetropia, 75 

Virtual focus, 17, 31 
Yision, acuteness of, 108 

— normal, 110 
Visual angle, 109 

— in emmetropia, 113 

— in hypermetropia, 112, 113 

— in myopia, 112, 113 
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By Francis Ogston, M.D., late Professor of Medical Jurisprudence 
and Medical Logic in the University of Aberdeen. Edited by Fbanois 
Ogston, Jun., M.D., late Lecturer on Practical Toxicology in the 
University of Aberdeen. With 12 Plates. 8vo, 18s. 

TAYLOR,— TYi^ Principles and Practice of 

Medical Jurisprudence. By Alfrid S. Tatlob, M.D., F.&.S. 
Thfard Edition, revised by Thomas Stivinson, M.D., F.B.C.P., Lec- 
turer on Chemistry and Medical Jurisprudence at Gust's Hoajxital ; 
Examiner in Chemistry at the Boyal College of Physicians ; Official 
Analyst to the Home Office. With 188 Engravings. 2 Vols. 8vo, 81s.6d. 
By the same Author. 

A Manual of Medical Jurisprudence. 

Eleventh Edition, revised byTHOMAS Stevbnson, M.D., F.B.C.P. 
With Engravings. Crown 8vo. [Intheprees. 

ALSO, 

On Poisons, in relation to Medical Juris- 
prudence and Medicine. Third Edition. With 104 Engravings. 
Crown 8vo, 16s. 

TIDY AND WOODMAN— A Handy-Book of 

Forensic Medicine and Toxicology. By C. Metxott Tn>T, M.B. ; and 
W. Bathubst Woodman, M.D., F.B.C.P. With 8 Lithographic Plates 
and 116 Wood Engravings. 8vo, Sis. 6d. 
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HYaiENE. 



PARKES, — A Manual of Practical Hygiene. 

By Edmund A. Parkes, M.D., F.R.S. SixthEdition by F. DbChaumont, 
M.D., F.R.S., Professor of Military Hygiene in the Army Medical 
School. With 9 Plates and 103 Engravings. 8vo, ISs. 

WILSON,— A Handbook of Hygiene and Sani- 

tary Science. By Geobge Wilson, M.A., M.D., F.R.S.E., Medical 
Officer of Health for Mid Warwickshire. Sixth Edition. With En- 
grayings. Crown 8vo. [In the press. 



MATERIA MEDICA AND THERAPEUTICS. 

BINZ AND SPARKS.— The Elements of Thera- 
peutics; a Clinical Guide to the Action of Medicines. By C. 
BiNZ, M.D., Professor of Pharmacology in the University of Bonn. 
Translated and Edited with Additions, in conformity with the British 
and American Pharmacopceias, by Edward I. Sparks, M.A., M.B., 
F.K.C.P. Lond. Crown 8vo, 88. 6d. 

LESCHEE.— Recent Materia Medica. Notes 

on their Origin and Therapeutics. By F. Harwood Lkscher, F.C.S., 
Pereira Medallist. Second Edition. 8vo, 2s. 6d. 

OWEN, — A Manual of Materia Medica; in- 
corporating the Author's " Tables of Materia Medica." By Isambard 
OWBN, M.D., F.B.C.P., Lecturer on Materia Medica and Therapeutics 
to St. Oeorge's Hospital. Crown Svo, €b. 

ROYLE AND HARLEY,—A Manual of Materia 

Medica and Therapeutics. By J. Forbes Rotle, M.D., F.B.S., and 
John Harlbt, M.D., F.B.C.P., Physician to, and Joint Lecturer on 
Clinical Medicine at, St. Thomas's HospitaL Sixth Edition. With 139 
Engravings. Crown Svo, 15s. 

THOROWGOOD, — The Student's Guide to 

Materia Medica and Therapeutics. By John G. Thorowoood, M.D., 
F.B.C.P., Lecturer on MAteria Medica at the Middlesex Hospital. 
Second Edition. With Engravings. Fcap. Svo, 7s. 

WARING.— A Manual of Practical Therapeu- 
tics. By Edward J. Waring, CLE., M.D., F.B.C.P. Fourth Edition, 
revised by the Author and Dudley W. Buxton, M.D., M.B.C.P, 
Crown Svo. [In the press. 
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MEDICINE. 
BARCLAY, — A Manual of Medical Diagnosis. 

By A. Whttb Babclat. M.D., F.B.C.P., late PhyticUn to, aiid 
Lecturer on Medidne at, St George's HoipitaL Third Edition. Fca]>. 
8vo, 108. 6d. 

CHAETERIS.— The Student's Guide to the 

Practice of Medidne. By Matthsw Chartbris, H.D., Profeuor of 
Then4>eutics and Materia Medica, Univerrity of Glasgow ; Physician 
to the Boyal Infirmary. With Engravings on Copper and Wood. 
Fourth Edition. Fcap. 8vo, 9s. 

FAGGE,— The Principles and Practice of Medi- 
cine. By the late C. Hilton Fagos, M.D., F.E.C.P., Edited by P. H. 
Ptb-Smith, M.D., F.B.C.P., Physician to, and Lecturer on Medicine 
at, Guy's Hospital. 2 Vols. 8vo. Cloth, 86s. ; half Persian, A2b, 

FENWICK.— The Student's Guide to Medical 

Diagnosis. By Saxukl Fenwick, M.D., F.E.G.P., Physician to the 
London Hospital. Sixth Edition. With 114 Engravings. Fcap. 8vo, Ts. 

By the same Author. 

The Student's Outlines of Medical Treat- 
ment. Second Edition. Fcap. 8vo, 7s. 

JX/ATT.— Clinical Medicine : a Systematic Trea- 
tise on the Diagnosis and Treatment of Disease. By Ausmi Flint, 
M.D., Professor of the Principles and Practice of Medicine, &(i.y iu 
Bellevue Hospital Medical College. 8vo, 20s. 

WARNER,— The Student's Guide to Clinical 

Medicine and Case-Taking. ]^ Franois Wabnir, M.D., F.B.C.P., 
Assistant-Physician to the London Hospital. Second Edition. Fcap. 
8vo, 5s. 

WEST,—liovf to Examine the Chest : being a 

Practical Guide for the Use of Students. By Samubl West, M.D., 
F.E.C.P., Physician to the City of London Hospital for Diseases of 
the Chest, &c. With 42 Engravings. Fcap. 8vo, to. 

WHITTAKER,—Studient*s Primer on the Urine. 

By J. Travis Whittaker, M.D., Clinical Demonstrator at the Boyal 
Infirmary, Glasgow. With Illustrations, and 16 Plates etched on 
Copper. Post 8vo, 4s. 6d. 
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MIDWIFERY. 
BARNES. — Lectures on Obstetric Operations, 

including the Treatment of Hiemorrhage, and forming a Guide to the 
Management of Difficult Labour. By Robert Barnes, M.D., F.E.C.P. 
Consulting Obstetric Physician to St. George's Hospital. Fourth 
(and cheaper) Edition. With 121 Engravings. 8vo, 12s. 6d. 

BURTOK— Handbook of Midwifery for Mid- 
wives. By John E. Burton, M.R.C.S., L.R.C.P., Surgeon to the 
Liverpool Hospital for Women. Second Edition. With Engrav- 
ings. Fcap 8vo, 68. 

GALABIK—A Manual of Midwifery. By Alfred 

Lewis Galabin, M.A., M.D., F.B.C.P., Obstetric Physician and 
Lecturer on Midwifery, &c., to Guy's Hospital, Examiner in Mid- 
wifery to the Conjoint Examining Board for England. With 227 
Engravings. Crown 8vo, 158. 

RAMSBOTHAM,— The Principles and Practice 

of Obstetric Medicine and Surgery. By Francis H. Baksbotbam, MJ)., 
formerly Obstetric Physician to the London Hospital. Fifth Edition. 
With 120 Plates, forming one thick handsome volume. Svo, 22s. 

REYNOLDS, — Notes on Midwifery: specially 

designed to assist the Studoit in preparing for Examination. By J. J. 
BXTMOLDS, L.E.CJP., M.B.C.S. Fcap. 8vo, 48. 

ROBERTS.— The Student's Guide to the Practice 

of Midwifery. By D. Lloyd Roberts, M.D., F.B.O.P., Lecturer on 
Clinical Midwifery and Diseases of Women at Owen's College, Phy- 
sician to St. Mary's Hospital, Manchester. Third Edition. With 2 
Coloured Plates and 127 Engravings. Fcap. 8vo, 7s. 6d. 

SCHROEBER.—A Manual of Midwifery; includ- 
ing the Pathology of Pregnancy and the Puerperal State. By Karl 
SCHROEDER,M.D., Professor of Midwifery in the University of Eflangen. 
Translated by C. H. Carter, M.D. With Engravings. 8vo, 12s. 6d. 

SWAYNE.-Obstetric Aphorisms for the Use of 

students commencing Midwifery Practice. By Joseph G. Swatne, 
M.D., Lecturer on Midwifery at the Bristol School of Medicine. 
Eighth Edition. With Engravings. Fcap. 8vo, 3s. 6d. 
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MICBOSCOPY. 

CARPENTER.— Th^ Microscope and its Revela- 
tions. By William B. Cabpsnter, C.B., M.D., F.B.S. Sixth Edition. 
With about 600 Engravings. CJrown 8vo, 168. 

LEE. — The Microtomist's Vade-Mecum ; a 

Handbook of the Methods of Microscopic Anatomy. By Arthtik 
BOLLSS Lbe. Crown 8vo, 88. 6d. 

MARSH. — Microscopical Section-Cutting : a 

Practical Guide to the Preparation and Mounting of Sections for the 
Microscope. By Dr. Stlybster Marsh. Second Edition. With 
17 Engravings. Fcap. 8vo, 8s. 6d. 

MARTIN. — A Manual of Microscopic Mounting. 

By J. H. Martin. Second Edition. With Plates and Wood Engravings. 
8vo, 7s. 6d. 



OPHTHALMOLOaY. 
HARTRIDGE.— The Refraction of the Eye. By 

GVSTAYUS Hartbidob, F.B.C.S., Assistant Surgeon to the Boyal 
Westminster Ophthalmic Hospital. Second Edition. With 94 Illus- 
trations, Test Types, Ac. Crown 8vo, Ss. 6d. 

HIGGENS.— Hints on Ophthalmic Out-Patient 

Practice. By Charles Hiooens, F.B.C.S., Ophthalmic Surgeon to, 
and Lecturer on Ophthalmology at, Guy's Hospital. Third Edition. 
Fcap. 8vo, 88. 

JONES. — A Manual of the Principles and 

Practice of Ophthalmic Medicine and Surgery. By T. Wharton Jones, 
F.B.O.S., F.B.S., late Ophthalmic Surgeon and Professor of Ophthalmo- 
logy to University College Hospital. Third Edition. With 9 Coloured 
Plates and 178 Engravings. Fcap. 8vo, 12s. 6d. 

MACNAMARA. — A Manual of^ the Diseases of 

the Eye. By Charles Maonamara, F.R.C.S., Surgeon to, and Lecturer 
on Surgery at, tiie Westminster Hospital. Fourth Edition. With 
4 Coloured Plates and 66 Engravings. Crown 8vo, 10s. 6d. 

NETTLESHIP.— The Student's Guide to Diseases 

of the Eye. By Edward Nettleship, F.R.C.S., Ophthalmic Surgeon 
to, and Lecturer on Ophthalmic Surgery at, St. Thomas's Hospital. 
Third Edition. With 157 Engravings, and a Set of Coloured Papers 
illustrating Colour-blindness. Fcap. 8vo, 7s. 6d. 
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TOSSWILL.— Diseases and Injuries of the Eye 

and Eyelids. By Louis H. Tosswill, B.A., M.B. Cantab., M.B.C.S. 
Surgeon to the West of England Eye Infirmary, Exeter. Fcap. 8vo, 
28. 6d. 

WOLFE, — On Diseases and Injuries of the Eye : 

a Course of Systematic and Clinical Lectures to Students and Medical 
Practitioners. By J. B- Wolfb, M.D., F.B.C.S.E., Senior Surgeon to 
the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine 
and Surgery in Anderson's College. V^^ith 10 Coloured Plates, and 120 
Wood Engravings, Svo, 21s. 



PATHOLOGY. 

JONES AND SIEVEKING,—A Manual of Patho- 
logical Anatom By C. Handfield Jones, M.B., F.B.S., and Edward 
H. SiEYBKina M.D., F.R.C.P. Second Edition. Edited, with consider- 
able enlargement, by J. F. Patne, M.B., Assistant-Physician and 
Lecturer on General Pathology at St. Thomas's Hospital. With 195 
Engravings. Crown Svo, 16s. 

LANCEREAUX.— Atlas of Pathological Ana- 
tomy. By Dr. Lancbrbaux. Translated by W. S. Greenfield, M.D., 
Professor of Pathology in the University of Edinburgh. With 
70 Coloured Plates. Imperial Svo, £5 5s. 

VIECHOW, — Post-Mortem Examinations : a 

Description and Explanation of the Method of Performing them, 
with especial reference to Medico-Legal Practice. By Professor 
Rudolph Yirchow, Berlin Charity Hospital. Translated by Dr. T. B. 
Smith. Second Edition, with 4 Plates. Fcap. Svo, 3s. 64. 



PSYCHOLOGY. 

BUCKNILL AND TUKE.—A Manual of Psycho- 
logical Medicine : containing the Lunacy Laws, Nosology, .etiology, 
Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity, 
with an Appendix of Cases. By John C. Buoknill, M.D., F.R.S., 
and D. Hack Tuke, M.D., F.B.C.P. Fourth Edition with 12 Plates 
(80 Figures). Svo, 25s. 

CLOUSTON — Clinical Lectures on Mental 

Diseases. By Thomas S. Clouston, M.D., and F.B.C.P. Edin.; Lec- 
turer on Mental Diseases in the University of Edinburgh. With 
S Plates (6 Coloured). Crown Svo, 12s. 6d. 
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PHYSICS. 
DRAPER.— A Text Book of Medical Physics, 

for the use of StudeBts and Practitioners of Medicine. By John C. 
Draper, M.D., LL.D., Professor of Chemistry and Physics in the 
University of New York. With 377 Engravings. 8vo, 188. 



PHYSIOLOaY. 

CARPENTER— Principles of Human Physio- 
logy. By William B. Carpenter, C.B., M.D., F.R.S. Ninth Edition. 
Edited by Henry Power, M.B., F.R.C.S. With 3 Steel Plates and 
377 Wood Engravings. 8vo, 31s. 6d. 

DALTOK—A Treatise on Human Physiology : 

designed for the use of Students and Practitioners of Medicine. By 
John C. Dalton, M.D., Professor of Physiology and Hygiene in the 
College of Physicians and Surgeons, New York. Seventh Edition. 
With 262 Engravings. Royal 8vo, 20s. 

FREY,—Thc Histology and Histo-Chemistry of 

Man. A Treatise on the Elements of Composition and Structure of the 
Human Body. By Heinrigh Frey, Professor of Medicine in Zurich. 
Translated by Arthur E. Barker, Assistant-Surgeon to the University 
College Hospital. With 608 Engravings. 8vo, 21s. 

Pr^-iSif/T^.— Syllabus of a Course of Lectures 

on Physiology. By Philip H. PyeSmith, B.A., M.D., F.R.C.P., 
Physician to Guy's Hospital. With Diagrams, and an Appendix of 
Notes and Tables. Crown 8vo, 5s. 

S^iVi)^^/SOiV^.— Handbook for the Physiological 

Laboratory : containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for their demonstration. By J. 
BURDON Sanderson, M.D., F.K.S.; E. Klein, M.D., F.K.S.; Michael 
Foster, M.D., F.R.S., and T. Lauder Brunton, M.D., F.R.8. 2 Vols., 
with 123 Plates. 8vo, 24s. 

YEO. — A Manual of Physiology for the Use of 

Junior Students of Medicine. By Oeralb F. Yeo, M.D., F.II.C.S., 
Professor of Physiology in King's College, London. With 301 Engrav- 
ings. Crown 8vo, 14s. 
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SUBGEBY. 
BELLAMY,— The Student's Guide to Surgical 

Anatomy; an Introduction to Operative Surgery. By Edward 
BlLLAMT, F.B.G.S., and Member of the Board of Examiners ; Surgeon 
to, and Lecturer on Anatomy at, Charing Grots Hospital. Third 
Edition. With 80 Engravings. Fcap. 8vo, 7s. 6d. 

BRYANT.— A Manual for the Practice of 

Surgery. By Thomas Bbtant, F.B.G.S., Surgeon to, and Lecturer on 
Surgery at, Guy's Hospital. Fourth Edition. With 750 niustra- 
tioni (many being coloured), and including 6 Chromo-Lithographic 
Plates. 2 Vols. Crown 8vo, 32s. 

CLARK AND WAGSTAFFE. — Outlines of 

Surgery and Surgical Pathology. By F. Lb Gros Clark, F.B.C.S., 
F.K.S., Consulting Surgeon to St. Thomas's HospitaL Second Edition. 
Eevised and expanded by the Author, assisted by W. W. Waqstaffe, 
F.R.C.S., Assistant Surgeon to St. Thomas's HospitaL 8vo, 10s. 6d. 

DRUITT.— The Surgeon's Vade-Mecum ; a 

Manual of Modem Surgery. By Robert Drutct, F.B.C.S. Twelfth 
Edition. With many Engravings. Fcap. 8vo. [In the press. 

FFRGUSSON.—A System of Practical Surgery. 

By Sir William Fergusson, Bart., F.R.C.S., F.B.S., late Surgeon and 
Professor of Clinical Surgery to King's College Hospital. With 468 
Engravings. Fifth Edition. 8vo, 21s. 

HEATH.— A Manual of Minor Surgery and 

Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi- 
tioners. By Christophbr Heath, F.B.C.S., Holme Professor of 
Clinical Surgery in University College and Surgeon to the HospitaL 
Seventh Edition. With 129 Engravings. Fcap. 8vo, €s. 

By the same Author. 

A Course of Operative Surgery: with 

Twenty Plates (containing many figures) drawn from Nature by 
M. LivElLLi, and Coloured. Second Edition. Large 8vo, SOs. 

ALSO, 

The Student's Guide to Surgical Diag- 
nosis. Second Edition. Fcap. 8vo, 6s. 6d. 
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SUBGEBY — continued, 

SOUTHAM.—Rtgionsil Surgery : including Sur- 
gical DiagnodB. A Manual for the use of Students. Bt Fridebiok 
A. SOUTHAM, M.A., M.B. Oxon, F.B.C.S., Assistant-Surgeon to the 
Boyal Inflrmaiy, and Assistant-Lecturer on Surgery in the Owen's 
CoU^^ School of Medicine, Manchester. 
Fart I. The Head and Neck. Crown 8vo, 6s. 6d. 
„ II. The Upper Extremity and Thorax. Grown Svo, 7s. 6d. 



TBRMINOLOaY. 
DUNGLISOK— Medical Lexicon : a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, with Accentuation, Etymology, Synonyms, &c. 
By BOBEBT DUNQLISON, M.D. New Edition, thoroughly revised by 
Richard J. DuNausoN, M.D. Boyal 8vo, 288. 

MAYNE, — A Medical Vocabulary : being an 

Explanation of all Terms and Hirases used in the various Departments 
of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronunciation. By Bobbbt G. Matnb, M.D., I1L.D., 
and John Mayne, M.D., L.B.C.S.E. Fifth Edition. Crown 8vo, 
108. 6d. 

WOMEN, DISEASES OF. 
BARNES,— A Clinical History of the Medical 

and Surgical Diseases of Women. By Bobert Barnes, M.D., F.E.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, &c., at, St. 
George's Hospital. Second Edition. With 181 Engravings. 8vo, 28s. 

CO CTi^rr.— Practical Treatise on Diseases of 

the Uterus, Ovariee, and Fallopian Tubes. By Professor Courtt, 
Montpellier. Translated from the Third Edition by his Pupil, AaNES 
M'Laren, M.D., M.K.Q.C.P. With Preface by Dr. MATTHEWS Duncan. 
With 424 Engravings. 8vo, 248. 

DUNCAN, — Clinical Lectures on the Diseases 

of Women. By J. Matthews Duncan, M.D., F.E.C.P., F.R.S.E., 
Obstetric Physician to St. Bartholomew's Hospital. Third Edition. 
8vo. [In the pret*. 

EMMET, — The Principles and Practice of 

GynsBcology. By Thomas Addis Emmet, M.D., Surgeon to the 
Woman's Hospital of the State of New York. Third Edition. With 
150 Engravings. Boyal 8vo, 24s. 
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WOMEN, DISEASES OY— continued. 

GALABIK— The Student's Guide to the Dis- 
eases of Women. By Alfred L. Galabin, M.D., F.R.C.P., Obstetric 
Physician to, and Lecturer on Obstetric Medicine at, Guy's Hospital. 
Third Edition. With 78 Engravings. Fcap. 8vo, 7s. 6d. 

REYNOLDS,— Notes on Diseases of Women. 

Specially designed to assist the Student in preparing for Examination. 
By J. J. Kkynolds, L.R.C.P., M.R.C.S. Second Edition. Fcap. 8vo, 
2s. 6d. 

SAVAGE,— The Surgery of the Female Pelvic 

Organs. By Henry Savage, M.D., Lond., F.R.C.S., one of the Con- 
sulting Medical Officers of the Samaritan Hospital for Women. Fifth 
Edition, with 17 Lithographic Plates (15 Coloured), and 52 Woodcuts. 
Royal 4to, 35s. 

WEST AND DUNCAN.— L,ectures on the Dis- 
eases of Women. By Charles West, M.D., F.B.C.P. Fourtli 
Edition. Eevised and in part re-written by the Author, with numerous 
additions by J. Matthews Duncan, M.D., F.B,.C.P., F.R.S.E., 
Obstetric Physician to St. Bartholomew's Hospital. Svo, 16s. 



ZOOLOaY. 

CHAUVEAU AND FLEMING.— The Compara- 
tive Anatomy of the Domesticated Animals. By A. Chauvbau, 
Professor at the Lyons Veterinary School; and George Fleming, 
Veterinary Surgeon, Boyal Engineers. With 450 Engravings. Svo, 
31s. 6d. 

HUXLEY.— M3.Tinsl of the Anatomy of Inverte- 

brated Animals. By Thomas H. Huxlet, LL.D., F.R.S. With 156 
Engravings. Post Svo, 16s. 

By the same Author. 

Manual of the Anatomy of Vertebrated 

Animals. With 110 Engravings. Post Svo, 12s. 

WILSON— The Student's Guide to Zoology: 

a Manual of the Principles of Zoological Science. By Andrew Wilson, 
Lecturer on Natural Histoiy, Edinburgh. With Engravings. Fcap. 
Svo, 6s. 6d. 
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